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"The  Third  Elliptic  Integral  and  the  EUipsotomic  Problem." 
By  A.  G.  Greenhill,  F.R.S.  Received  December  22,  1903,— 
Read  January  21,  1904. 

(Abstract.) 

The  elliptic  integral  of  the  third  kind,  which  makes  its  appearance 
in  a  dynamical  problem,  is  of  the  circular  form  in  Legendre's  classifica- 
tion, and  thus  the  Jacobian  parameter  is  a  fraction  of  the  imaginary 
period,  so  that  the  expression  by  means  of  the  theta  function  can  no 
longer  be  considered  as  reducing  the  variable  elements  from  three 
to  two. 

Burkhardt*  has  given  a  series  rapidly  convergent  for  the  numerical 
calculation  of  such  cases ;  but  the  object  of  this  memoir  is  to  develop 
the  exact  expression  by  means  of  an  idea  of  Abel,  given  in  the  first 
volume  of  *Crelle's  Journal,'  1826,  "  Ueber  die  Integration  der 
Differential-Formel 

(1)  pclxlJli, 

wenn  R  and  p  ganze  Functionen  sind." 

Abel  proves  practically  that  when  the  elliptic  parameter  is  an 
ahquot  /xth  part  of  a  period,  the  third  elliptic  integral  and  the 
associated  theta  functions  depend  on  the  /xth  root  of  an  algebraical 
function. 

Thus,  as  shown  in  the  paper,  if  we  take  the  Jacobian  elliptic 
parameter 

(2)  V  =  2K'i/iJL,  fi  =  2/1 -f  1,  an  odd  integer, 

the  third  elliptic  integral  in  the  form 

(.)      ■(.)=|-"";-*^7(T'k)- 

•  '  Elliptic  FuDctiouB/  §  126. 
VOJU  LXXUL  Y, 


On  the  Palocozoic  Seed,  Lagenostoma  Lomaxi.     [Dea  16, 


**  On  the  Structure  of  the  Palaeozoic  Seed,  Lagenostoma  Lomaxi, 
with  a  Statement  of  the  Evidence  upon  which  it  is  referred 
to  LyginodeTidrony  By  Proie«8or  F.  W.  Ouveb  and 
Dr.  D.  H.  Scott,  F.B.S.  Eeeeived  December  15,  1903,— 
Eead  January  21,  1904. 

(Abstract.) 

The  present  communication  deals  with  the  structure  of  Lagenostoma 
Lomaxi,  a  fossil  seed  from  the  lower  coal-measures,  and  with  the 
evidence  upon  which  the  authors  refer  it  to  the  well-known 
carboniferous  plant,  Lyginodendron, 

It  is  found  that  this  species  of  Lagenostoma^  especially  in  its  young 
form,  was  inclosed  in  a  husk  or  cupule,  borne  on  a  short  pedicel. 

The  seed,  which  is  of  Cycadean  character,  is  fully  described,  and  its 
relation  to  other  fossil  and  recent  seeds  discussed. 

The  cupule  inclosing  the  seed  was  borne  terminally  on  a  pedicel ;  it 
formed  a  continuous,  ribbed  cup  below,  and  divided  above  into  a 
number  of  lobes  or  segments.  Externally,  both  pedicel  and  cupule 
were  studded  with  numerous  prominent  multicellular  glands  of 
capitate  form.  The  anatomy  indicates  that  the  whole  organ  was  of  a 
foliar  nature* 

A  comparison  with  the  vegetative  organs  of  Lyginodendron 
Oldhamitm,  with  which  the  seeds  are  intimately  associated,  demon- 
strates a  complete  agreement  in  the  structure  of  the  glands  and  in  the 
anatomy  of  the  vascular  system.  Where  vegetative  and  reproductive 
organs,  presenting  identical  structural  features,  not  known  to  occiu:  in 
other  plants,  are  thus  found  in  close  and  constant  association,  the 
inference  that  the  one  belonged  to  the  other  appears  irresistible. 

As  regards  the  position  of  the  seed  on  the  plant,  two  possibilities 
are  discussed  :  the  cupule,  with  its  pedicel,  may  either  represent  an 
entire  sporophyll,  or  a  modified  pinnule  of  a  compound  leaf.  Either 
view  is  tenable,  but  various  comparative  considerations  lend  a  some- 
what greater  probability  to  the  second  alternative. 

In  the  concluding  section  of  the  paper,  the  systematic  position 
of  Lyginodendron  is  discussed.  On  the  whole  of  the  evidence,  the 
position  of  the  genus  as  a  member  of  a  group  of  plants  transitional 
between  Filicales  and  Gymnosperms  appears  to  be  definitely  estab- 
lished. While  many  Filicinean  characters  are  retained,  the  plant, 
in  the  organisation  of  its  seed,  had  fully  attained  the  level  of  a 
Palseozoic  Gymnosperm.  There  are  many  indications  that  other 
genera,  now  giouped  under  Cycadofilices,  had  likewise  become  seed- 
bearing  plants.  It  is  proposed  to  found  a  distinct  class,  under  the  name 
J^/er?(Jo.^jpe?-7mv,   to  embrace  those  Palseozoic  plants  with  the  habit  and 
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much  of  the  internal  organisation  of  Ferns,  which  were  reproduced  by 
means  of  seeds.  At  present,  the  families  Lyginodendreae  and 
Medullosesd  may  be  placed,  with  little  risk  of  error,  in  the  new  class, 
Pteridospermse. 


"Some  Experiments  in  Magnetism."  By  T.  C.  Porter.  Com- 
municated by  Lord  Kayleigh,  O.M.,  F.RS.  Received 
November  9,— Read  November  26,  1903. 

[Plate  1.] 

For  many  years  the  writer  has,  from  time  to  time,  been  engaged  in 
studying  the  effect  of  a  powerful  magnetic  field  upon  crystals  in  the 
act  of  their  formation  and  growth.  It  seemed  to  him  probable  that  if 
the  molecules  of  substances  have  magnetic  poles,  they  might  group 
themselves  differently  when  under  the  influence  of  a  powerful  magnetic 
field,  thus  producing  an  orientation  of  the  crystals,  or  even  an  altera- 
tion in  the  form  or  optical  characteristics  of  the  crystals  themselves. 
It  seemed  also  possible  that  if  the  supposed  polar  properties  of  the 
molecules  were  the  result  of  atomic  polarity,  a  powerful  external  magnet 
might  produce  some  appreciable  effect  in  the  chemical  combination  of 
the  atoms,  changing  the  rate  of  chemical  reaction,  if  it  did  not  change 
the  character  of  the  compoimds  formed.  Many  effects  were  observed, 
and  were  at  first  erroneously  attributed  to  the  influence  of  magnetism  ; 
later,  when,  by  specially  contrived  apparatus,  the  influence  of  variation 
in  temperature,  humidity  of  the  air,  and  above  all  of  the  history  and 
character  of  the  surfaces  upon  which  the  crystallisation  took  place,  were 
investigated,  these  eftects  were  one  after  another  traced  to  causes  other 
than  magnetic,  so  that  the  results  must,  on  the  whole,  be  tiiken  as 
negative.  Cases  of  orientation  of  crystals  growing  in  the  magnetic 
field  and  watched  under  the  microscope  from  their  first  visibility  till 
they  had  attained  considerable  size,  such  cases  of  orientation  were 
found  in  two  compounds  of  iron,  but  even  these  orientations  were 
found  to  depend,  at  any  rate  in  some  cases,  upon  the  direction  in 
which  the  surface  of  the  glass  slide  had  been  rubbed  before  clemming 
for  the  experiment.  The  main  result  of  this  long,  difficult,  and 
expensive  research  has  only  been  to  prove  that  if  there  be  any  such 
effects  as  those  looked  for,  they  require,  to  show  them  indispuJahl}/^  more 
powerful  fields  than  those  of  the  very  powerful  electro-magnets  used 
by  the  writer. 

A  photograph  of  the  orientation  of  Marignac's  basic  sulphate  of 
ammonium  and  iron  3Fe203.5(NH4)20.12S03.18HoO  is  given  with  this 
paper. 
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This  comparatively  little  known  salt  is  formed  by  dissolnng  in 
50  c.c.  of  water,  say,  20  grammes  of  crystallised  ferric  ammoniia 
sulphate  (iron  alum),  and  adding  drop  by  drop,  with  constant  AbHol^ 
2*33  C.C.  of  ammonia  solution,  sp.  gr.  0*88.  The  mixture  mustbeUfc 
to  evaporate  spontaneously,  when  it  deposits  hexagons  of  the  Terj 
interesting  pleo-chroic  salt ;  generally,  some  quantity  of  anothor  base 
iron  salt  is  also  formed. 

Marignac's  salt,  which  is  strongly  magnetic,  is  also  formed  when  i  ^ 
solution  of  iron  alum  evaporates  spontaneously  above  a  certain  tem- 
perature, and  the  oriental tion  has  been,  as  a  rule,  more  noticeable  when 
the  crystals  have  been  deposited  from  an  iron  alum  solution  tliu 
when  deposited  from  the  solution  first  mentioned,  probably  because 
the  rate  of  deposition  from  the  alum  has  been  very  much  slower. 
Figs.  1  and  2  are  photographs  of  the  stdt  being  deposited  from  a 
solution  of  ammonium  iron  alum  by  spont-aneous  evaporation  on  glan 
slides :  fig.  1  in  a  powei*fuI  magnetic  field,  fig.  2  under  conditioiu  u 
like  as  possible  to  chose  of  fig.  1,  but  under  the  earth's  magnetism 
only.  Numerous  trials  have  satisfied  the  writer  that  other  conditioni 
being  the  same,  ciystals  of  the  alum  and  of  Marignac's  salt  fonn  in 
the  powerful  magnetic  fieM  as  readily  as  they  do  in  the  weak 
one.  The  po.sition  of  the  magnet  poles  is  not  indicated  on  the 
photographs,  but  it  will  be  seen  that,  in  many  olmous  cases, 
where  the  hexagons  rest  on  one  of  their  prismatic  sides,  the 
principal  axes  of  the  hexagonal  prisms  arc  j)arallel  (to  the  magnetic 
lines  of  fone).  Many  of  the  crystals,  however,  if  not  most  of  them, 
are  resting  in  their  most  stable  position,  viz.,  on  one  of  the  hexagoual 
faces.  This  is  noteworthy,  because  if  a  crystal  of  the  salt  which  has 
grown  to  a  large  size  (and  away  from  the  nnignet)  be  suspended  by  a 
thread  of  luispun  silk  attached  to  the  centre  of  one  of  its  prismatic 
faces  by  a  minute  morsel  of  wax,  lictween  the  bhnit  poles  of  the 
electro-magnet,  it  sets  itself  in  exactly  the  same  position  as  the 
orientated  crystals  in  the  photograph,  viz.,  with  its  principal  axis 
parallel  to  the  lines  of  force.  AVhen  the  same  crystal  is  suspended 
from  the  centre  of  one  of  its  hexagonal  faces,  it  sets  itself  with  the 
planes  of  an  opposite  piiir  of  the  prismatic  faces  perpendicidar  to  the 
lines  of  force,  so  that  if  in  figs.  1  and  3  the  visible  hexagons  are 
orientated,  they  should  be  disposed  with  a  jwiir  of  opposite  sides 
IKjrpendicular  to  the  lines  of  force,  and  therefore  i>arallel  to  the  longest 
sides  of  the  rectangles  which  are  the  observer's  view  of  the  hexagomil 
crystals  resting  on  one  of  their  prismatic  sides.  There  are  certainly 
signs  of  some  of  the  hexagons  being  thus  orientated,  but  since  there 
are  notable  exceptions,  and,  moreover,  since  there  are  six  positions 
favourable  to  an  orientation  hypothesis  in  one  complete  revolution  of 
the  crystal  in  its  own  plane,  one  cannot  &v\\  ddiuitely  whether  they 
are  orientated  or  not. 
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For  some  time  the  writer  regarded  these  results,  and  many  others 
of  the  same  kind  obtained  from  the  same  salt,  as  clear  indications  that 
these  crystals  are  orientated  from  their  earliest  growth,  since  very  few 
ever  changed  their  position  unless  the  crystals  were  crowded,  and  that 
the  molecule,  or  the  crystal  element,  is  magnetic,  but  he  has  failed 
again  and  again  to  obtain  any  indication  of  orientation  with  the  same 
strongly  magnetic  salt,  under  what  were,  so  far  as  could  be  judged^ 
similar  circumstances,  and  lastly,  by  wiping  the  glass  slide  in  a  given 
direction,  he  found  it  possible  to  produce  a  species  of  orientation  in 
other  directions.  The  very  fact  that  the  orientation  in  these  photo, 
graphs  is  such  that  the  length  of  the  rectangles  lies  parallel  to  the 
length  of  the  microscope  slide,  which  is  presumably  the  direction  in 
which  it  is  most  often  wiped  or  dusted,  makes  him  the  more  unwilling 
to  accept  the  photographs  as  evidence  of  any  magnetic  effect,  but  he 
feels  it  only  wise  to  point  out  that  the  orientation  produced  by 
scratches  has  never  in  his  experience  produced  quite  the  effect  seen  in 
this  photography  the  grouping  of  the  crystals  has  been  different, 
leaving  no  difficulty  in  tracing  the  Jine  which  gave  rise  to  the  orienta- 
tion, whereas  on  these  photographs  this  is  scarcely  possible;  the 
distribution  of  the  orientated  crystals  themselves  is  not  linear.  So 
that,  in  the  mind  of  the  writer,  in  spite  of  the  arguments  adduced,  and 
the  fact  that  no  such  clear  case  of  orientation  as  that  shown  has  been 
observed  with  any  other  substance  except  the  corresponding  potassium 
salt  (although  very  many  have  been  tried),  it  is  still  an  open  question 
whether  the  orientation  visible  in  fig.  1  is,  or  is  not,  due  to  magnetism. 

After  these  experiments  made  at  ordinary  temperatures,  the  writer 
turned  his  attention  to  the  formation  of  well-known  magnetic  bodies 
in  the  magnetic  field.  Flowers  of  sulphur  and  levigated  soft  iron 
particles  were  taken  in  the  proportion  in  which  they  combine  to  form 
the  magnetic  sulphide  of  iron  Fe8S4,  and  were  thoroughly  mixed 
together.  The  mixture  was  poured  into  a  small  paper  tube,  loosely 
corked  at  the  lower  end,  and  this  tube  was  placed  vertically  between 
the  poles  of  a  powerful  electro-magnet,  arranged  so  that  the  tube 
stood  parallel  to  the  lines  of  force  between  the  poles,  the  last  being 
bored,  and  the  little  tube  standing  in  the  position  of  the  heavy  glass  in 
Faraday's  celebrated  experiment.  The  current  was  then  switched  on, 
and,  at  the  same  time  a  flame  was  applied  to  the  mixture  where  it 
projected  into  the  air  at  the  top  of  the  tube.  As  soon  as  the  iron  and 
sulphur  began  to  combine,  the  flame  was  withdrawn,  and  the  wave  of 
combination  descended  right  through  the  mixture.  The  current 
through  the  magnet  coils  was  maintained  until  the  tube  had  had  time 
to  cool ;  the  latter  was  then  removed,  the  paper  carefully  taken  off,  dis 
closing  a  fairly  tough  rod  of  sulphide.  This  was  found  to  be  a  magnet, 
weak,  but  unmistakable,  its  poles  being  disposed  as  one  would  naturally 
expect.     Similar  experiments  were  then  made  with  mixtAiT^^  ol  Vcow 
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and  sulphur  in  the  proportions  necessary  to  the  sulphides  FeS,  FeAt 
and  FeSs.     In  each  experiment  two  tubes  of  the  mixture  were  inadm 
one  for  the  magnet,  and  one  to  be  fired  at  a  distance  from  the  magiiifc> 
this  was  done  to  find  out  whether  there  were  any  persistent  diffmnee^ 
oUier  than  magnetic,  between  the  two.     The  mixture  for  FeSt  r^bmiBt 
to  bum  in  both  the  tubes,  as  indeed  might  have  been  expected.    T]» 
polarity  of  the  Fe2S3  bar  was  decided,  that  of  the  FeS  distinct,  thoq^ 
very  weak.     In  every  case  the  magnetised  bars  have  remained  luuniiJ^ 
takable  magnets,  but  this  maif  be  due  to  part  of  the  soft  iron  remainmg^ 
uncombined,  or  possibly  to  the    formation    of  small  quantities  of. 
magnetite  from  the  air  between  the  particles  of  the  powder  at  startnig; 
The  bars  were  powdered  very  finely,  and  their  specific  gravity  takn^ 
with  the  results  shown  in  the  table  given  in  the  addenda. 

It  ia  scarcely  necessary  to  point  out  that  though  there  is  no  doabt 
that  one  or  more  of  the  compounds  FeS,  Fe3S4,  and  Fe^Ss  was  rsallr 
formed,  we  do  not  know  the  proportion  of  each  present  in  each  cmh 
Probably  the  products  were  purer  in  the  first  and  last  cases.  His 
specific  gravities  were  taken  with  all  care,  and  the  first  two  places  of 
decimals  are  reliable ;  the  powders  were  thoroughly  well  mixed,  and 
the  experiments  were  made  from  the  same  samples  of  mixture,  in 
similar  tubes.  The  writer  hopes  to  repeat  them,  and  will  not  comment 
at  present  on  the  differences  of  density  in  the  magnetised  and 
unmagnetised  products. 

Similar  experiments  were  next  tried  with  the  magnetic  oxide  d 
iron  Fe304. 

(a)  By  allowing  a  considerable  quantity  of  the  levigated  iron  to 
form  a  thick  chain  between  the  solid  conical  poles  of  the  electro- 
magnet, and  pressing  them  together  until  they  formed  a  dense  msss 
between  the  poles,  and  then  burning  them  ni  situ,  in  one  experiment 
with  the  flame  of  an  ordinary  Bunsen  burner,  and  in  another  by  that 
of  an  oxy-coal  gas  flame,  blowing  on  the  still  very  hot  mass  with  pure 
oxygen  to  complete  the  oxidation  as  far  as  possible;  in  both  cases 
the  resulting  mass  of  magnetic  oxide  was  of  very  marked  polarity. 

(b)  By  placing  between  the  poles  of  the  electro-magnet,  so  that  its 
upper  surface  was  in  the  strongest  part  of  the  field,  a  charcoal  block, 
having  cut  in  it,  parallel  to  the  lines  of  magnetic  force,  a  shallow 
groove,  which  was  filled  with  previously  prepared  magnetic  oxide,  and 
whilst  the  current  traversed  the  magnet  coils,  fusing  these  fragments 
into  one  bar,  by  means  of  the  oxy-gas  blow-pipe,  afterwards  blowing 
on  the  still  white  hot  mass  with  pure  oxygen.  On  cooling  the  mass 
and  testing  it,  it  proved  distinctly  polar,  but  far  less  so  than  in  the 
experiments  (a).  In  this  experiment  the  oxide  had  been  heated  to  a 
brilliant  whiteness,  and  cooled  somewhat  quickly  by  being  wetted 
fHth  water. 

These  experiments  seem  to  prove  tViatit  \apo?»a\\Aft\iQ\ft^^^w»va. 
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thh  way,  and  quickly,  artificial  lodestones  of  some  strength,  for  the 
[fndncts  of  the  (a)  experiments  were  able  to  pick  up  small  pieces  of 
ttftiron. 

Thinking  that  in  these  eases  part,  at  any  rate,  of  the  polarity  might 

bdiie  to  particles  of  the  levigated  iron  which  had  escaped  combination 

vitih  either  the  sulphur  or  the  oxygen,  the  writer  next  attempted  to 

■ake  a  magnet  out  of  the  particles  of  levigated  iron  themselves. 

IUb  was  done  by  half  filling  a  small  test  tube  with  solid  paraffin, 

■eitiDg  it,  loosely  corking  the  tube,  and  placing  it  in  a  horizontal 

psition  until  the  paraffin  had  solidified.     The  remaining  air  space,  of 

ttdcircular  section,  was  then  filled  with  the  levigated  iron,  the  tube 

igain  corked,  and  placed  horizontally  through  the  bored  poles  of  the 

electro-magnet ;  the  ciu*rent  was  switched  on,  and  whilst  the  tube  was 

f  hi  position,  with  the  iron  uppermost  in  the  tube,  the  paraffin  below  it 

was  melted  by  cautiously  heating  it  with  a  Bunsen.     As  the  paraffin 

mrited,  the  tube  being  gently  tapped  meanwhile,  the  iron  particles 

were  for  the  time  capable  of  small  movements,  arranging  themselves 

akmg  the  lines  of  force.     The  paraffin  was  then  allowed  to  solidify 

and  grow  cool,  the  current  being  maintained   the  while,  the  tube 

removed  and  the  glass  gently  peeled  off,  by  first  cutting  it  round 

with  a   diamond,  leaving  a   bar  of   soft  iron  psirticles  embedded  in 

paraffin,  which  was  a  magnet,  and  has  remained  so  ever  since,  without 

showing  any  signs  of  losing  its  magnetism,  and  sufficiently  strong  to 

develop  tufts  at  either  pole  when  dipped  into  a  heap  of  the  levigated 

iron. 

As  it  still  seemed  possible  that  the  permanent  polarity  of  this  magnet 
might  be  due  to  carbon  in  it,  which  it  certainly  contained,  though  in 
very  small  quantity,  it  seemed  well  to  try  a  similar  experiment  with 
particles  of  pure  electrolytic  iron,  and  to  try  it  with  molecules  of  the 
iron  instead  of  assemhhujes  of  ruolendcs,  already  under  the  influence  of 
forces  opposing  the  development  of  the  magnetic  polarity,  and  these 
considerations  at  once  suggested  that  the  iron  should  be  deposited 
electrolytically  from  the  solution  of  one  of  its  compounds  in  a  j)owerful 
magnetic  field  on  some  "  non-magnetic  "  substance,  such  as  platinum. 
The  photograph  shows  the  arrangement  actually  used,  and,  which  it 
may  be  stated  at  once,  proved  entirely  successful. 

The  apparatus  consisted  of  the  electro -magnet,  with  two  special 
pole  pieces,  designed  to  concentrate  the  magnetic  lines  of  force  into 
a  space  of  length,  the  distance  between  them ;  of  height,  the  height 
of  the  pole  pieces  as  shown,  and  of  thickness  one-eighth  of  an 
inch.  The  poles  thus  tapered  to  what  may  be  called  a  blunt 
vertical  line.  Between  the  poles  is  the  glass  cell,  in  the  centre 
of  which  hangs  the  strip  of  platinum  foil,  previously  proved  to 
have  no  visible  effect  upon  a  magnet,  «o  tJiat  its  plane  is  h\  t\\e  'pvuvv 
m^netic  position,  the  platinum  approaching  close  to  the  siAe^  oi  l\i^ 
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glass  vessel,  but  not  touching  them.  Two  pieces  of  platinum  foil, 
about  3  inches  long  and  f  inch  wide,  hang  at  each  end  of  the  glaaa 
vessel,  facing  the  central  strip  on  both  its  sides ;  the  central  strip  is 
the  cathode,  on  which  the  iron  is  deposited,  the  other  two  being  the 
anodes.  The  current  having  been  switched  on  to  the  coils,  and  the 
single  Groves'  cell  used,  to  the  electrodes,  the  iron  solution  is  poured 
in,  till  it  reaches  as  high  as  the  top  of  the  pole  pieces.  After  three 
minutes  there  was  a  discoloration  of  the  platinum  from  the  veri/  Uiin 
film  of  iron  formed  upon  it,  and  on  testing  this,  by  withdrawing  it 
from  the  solution  and  applying  it  edgeways  to  a  rather  heavy  compass 
needle,  by  no  means  delicately  mounted,  it  was  found  to  give  distinct 
evidence  of  polarity,  the  repulsion  and  attraction  being  most  clearly 
visible,  and  on  tearing  off  a  strip  of  the  platinum  along  its  base,  and 
drying  it  and  balancing  it  on  a  fine  sewing  needle,  it  quickly  set  itself 
in  the  magnetic  meridian,  and  has  continued  to  do  so  with  apparently 
equal  activity  ever  since,  although  the  film  of  iron  must  be  exceedingly 
thin.  The  main  portion  of  the  strip  was  replaced  in  the  solution,  and 
the  deposition  of  the  iron  continued,  its  polarity  being  tested  from 
time  to  time.  Its  magnetic  intensity  increased,  though  certainly  at  a 
diminishing  rate.  Finally,  when  all  the  iron  in  the  solution  had  been 
deposited  the  platinum  was  taken  out,  washed  with  distilled  water,  the 
part  covered  with  iron  torn  off  (so  that  it  did  not  touch  any  other  iron) 
and  put  into  dry  air  for  preservation.  It  has  remained  a  magnet  ever 
since,  and  as  yet  gives  no  sign  of  diminished  intensity,  though  it  has 
been  made  to  vibrate,  and  hit  with  a  wooden  rod  repeatedly. 

The  whole  experiment  has  been  repeated,  with  the  same  results.*  If 
diu-ing  the  deposition  the  platinum  be  reversed,  side  for  side,  after  a 
certain  time  the  iron  deposited  shows  no  polarity,  and  after  that  its 
polarity  is  reversed.  Whether  this  is  due  to  the  reversal  of  polarity 
in  the  molecules  first  deposited,  as  well  as  to  the  deposition  upon 
them  of  molecules  having  opposite  polarity,  or  to  the  latter  cause  only, 
the  writer  has  not  yet  determined,  nor  has  it  been  possible  in  this 
paper  to  give  measurements  either  of  the  magnetic  intensities,  or  of 
the  thickness  of  the  thinnest  film  of  pure  electrolytic  iron  which  is 
capable  of  making  its  polarity  felt;  nor  again  is  it  yet  possible  to 
say  how  long  the  polarity  of  these  artificial  magnets  will  continue. 
Answers  to  these  questions,  by  the  very  nature  of  the  investigation, 
must  be  left  for  a  future  communication. 

The  solution  from  which  the  iron  was  deposited  is  constituted  as 
follows : — 

20  grammes  FeS04.(NH4)2S04.6H20, 
64  grammes  (NH4)2C204.Il20. 
Made  up  to  960  c.c.  with  distilled  water. 

*  The  writer  was  unaware  at  the  time  that  a  timilar  experiment  had  been  made 
hj^Beetx,  and  guoted  by  Maxwell. 
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Hub  solution  is  used  for  the  gtiaiUitative  estimation  of  iron  by 
letrolysis,  and  though  carbon  is  present  in  the  oxalate,  the  deposited 
m  is  soluble  in  dilute  hydrogen  chloride,  without  any  visible  residue, 
ing  piu^  to  all  chemical  tests,  but  for  possibly  occluded  hydrogen. 


Addenda  :  NoveHiber  24,  1903. 

(1).  It  should  be  stated  that  when  the  crystals  growing  in  a 
iwerful  magnetic  field,  and  apparently  orientated  as  described  and 
own  in  the  photograph,  become  large,  and  thus  approach  each 
hers'  surfaces,  they  are  often  seen  to  leave  their  first  position  and 

take  up  another;  sometimes  the  crystal  will  be  moved  bodily 
Offer  its  neighbour,  sometimes  it  is  swung  round  only;  but  it 
Dows  that  where  the  crystals  are  numerous  and  close  together,  the 
ffiB  of  orientation,  which  were  evident  during  the  early  stages  of 
leir  growth,  have  almost,  if  not  quite,  disappeared  at  a  later  stage. 
(2).  Some  experiments  were  carried  out  early  in  the  investigation 
I  weak  magnetic  fields,  and  also  in  a  field  of  as  nearly  zero  intensity 
I  could  be  managed,  by  compensating  the  earth's  field,  but  no 
ifference  between  these  could  be  detected  with  any  certainty,  though 
i  most  cases  as  many  as  six  crystallisations  were  carried  on  at  one 
ime,  three  in  the  strong  field  and  three  in  a  weak  or  zero  field. 

(3).  When  it  was  foimd  that  the  direction  in  which  the  ghiss  slides 
Bed  had  been  rubbed  (before  they  were  finally  defined  with  acid, 
Ikali,  and  distilled  water)  was  not  in  all  cases  negligible,  cx{)eriments 
rere  made  in  which  the  glass  had  been  purposely  rubbed  hard  in 
lifferent  directions,  with  the  result  already  stated,  Init  in  no  case  was 
he  orientation  or  arrangement  of  the  crystals  the  siime  in  appearance 
«  that  shown  in  the  photograph,  for  they  formed  close  together  along 
he  lines.  The  strongest  argument,  in  the  writer's  opinion,  againd  a 
nagnetic  explanation  of  the  orientation  in  the  photograph,  is  his 
"epeated  failure  to  obtain  the  same  lesult  under  what  were  apparently 
precisely  similar  circumstances,  and  also  the  fact  that  no  other  substance 
bas  given  similar  indications,  at  any  rate,  such  evident  indications  of 
Drientation,  though  very  many  have  been  tried. 

(4).  Since  the  paper  was  sent  in,  a  number  of  experiments  have 
been  made  on  the  densities  of  the  substances  produced  by  **  firing " 
the  small  "  squibs  "  of  the  mixtures  of  iron  and  .sulj)hur  described  in 
the  paper,  with  the  results  embodied  in  the  following  statement.  The 
<}uantitie8  taken  were  in  most  cases  between  4  and  2*5  grammes,  and 
the  weighings  were  certainly  correct  to  milligrammes  ;  the  greatest 
error  possible  in  any  single  estimation  of  density  does  not  exceed 
t  0-02,  and  is  probably  less  than  0005.  All  the  bars  fired  in  the 
•trong  ma;gnetic  Geld  are  magnets,  those  in  the  earth's  ftcVd  ave  \voX» 
Derceptibly 8o,  though  they  //ui// possess  very  weak  polarity. 


Sotm  EaperimentB  in  Magnetism. 


[Not.  9, 


Mixture  in  the  proportioa  of 


Fe  +  S. 


Magnet. 


4-455 
4-581 
4-763 


Mean  of  8 
iexperiments. 
'       4-600 


Away  from 
magnet. 


4*593 
4-710 
4-579 
4  64S 
4-653 

Mean  of  5 

experiments, 

4-687 


8Fe+4S. 


Magnet. 


4-229 
4-519 
4-894 
4-407* 


Mean  of  3 

experimente, 

4 -881 


Away  from 
magnet. 


2Fe  +  3S. 


4*864 
4  801 
4-420 


Magnet. 


4-358 
4-448 
4-877 
4-703* 


I 


Away  from 
magnet. 


4-179 
4*666 
4-606 


Mean  of  8 


Mean  of  8  I  Mean  of  8 
experiments,  'expe  riment  s  experimental 
4-862      I      4-898      I      4  417 


I 


Two  experiments  were  made  to  find  out  how  the  densitj  yaried  in 
any  one  bar.  The  mixtures  used  were  the  second  and  third  of  the 
above  three ;  each  was  placed  in  a  tube  more  than  twice  the  length  of 
those  used  in  the  experiments  already  described,  and  both  were  fired 
separately  in  the  strong  magnetic  field,  the  tubes  passing  right  through 
the  bored  poles  of  the  magnet,  the  distance  between  the  poles  being 
1  inch.  The  rod  formed  was  broken  into  three  portions,  called  the 
top,  middle,  and  bottom  respectively.      The  results  were  as  follows : — 

3Fe  +  4S  ...     top,  4-384;  middle,  4-533;  bottom,  4*305;  mean,  4-407. 
2Fe  +  3S...       „    4-664         „       4-718;        „       4728;      „      4-703. 

My  thanks  are  due  to  Mr.  R.  W.  Kennedy  for  help  in  the  deter- 
mination of  the  densities. 


•  The  tube  used  in  these  experimenta  wa«  mucli  longer  than  in  the  others. 
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hi  the  Distribntion  of  Stress  and  Strain  in  the  Cross-section  of 
a  Beam."  By  John  Morrow,  M.Sc.  (Vict.),  Lecturer  in 
Engineering,  University  College,  Bristol.  Communicated  by 
Professor  Helk-Shaw,  F.RS.  Received  October  27, — Read 
November  26, 1903. 

Introduction, 

Our  knowledge  of  the  strains  produced  in  materials  by  different 
ids  and  combinations  of  stress  rests  mainly  on  theoretical  con- 
lerations.  Much  accurate  experimental  work  has  been  done  in  the 
servation  of  direct  tensile  strains,  but  little  attention  has  been 
'en  to  the  lateral  strain  accompanying  a  simple  tensile  or  com- 
ssfliTe  strain,  or  to  the  lateral  strain  occurring  in  a  bar  under 
iding  forces.  The  latter,  indeed,  has,  perhaps,  never  before  been 
asnred  in  metal  specimens. 

For  some  time  past  the  writer  has  been  making  experiments  with 
)  object  of  showing  that  instruments  can  be  constructed  capable  of 
aturing  these  lateral  strains  with  considerable  accuracy.  The 
)ject  is  of  great  interest  to  the  elastician,  as  it  not  only  provides 
oethod  of  determining  elastic  coefficients,  but  shows  the  degree  of 
plicability  of  mathematical  results ;  and,  further,  in  view  of  the 
ll-known  discrepancies  which  exist  between  experiment  and  theory, 
3  subject  is  also  of  no  small  practical  importance. 
The  work  here  described  is  confined  mainly  to  ex^periments  on  iron 
ams,  and  has  had  for  its  objects  the  following : — 

1.  The  design  of  a  comparatively  simple  instrument  which  can  be 
ed  for  the  accurate  measurement  of  the  lateral  displacements  in  the 
ction  of  a  beam ; 

2.  The  determination  of  the  amount  and  distribution  of  this  strain 
iron  beams ;  and 

3.  The  determination  of  Poisson's  ratio  from  the  observed  lateral 
isplacements. 

Description  of  the  Apparatus, 

Whilst  making  some  experiments  on  the  lateral  constniction  of  tie- 
rs,* it  occurred  to  the  author  that,  with  a  modified  form  of  the 
paratus  then  used,  measurements  of  the  deformation  of  the  section 
a  beam  might  be  made. 

After  trials  of  several  different  forms  of  instrument,  and  various 
ys  of  applying  the  load,  it  was  decided  that  a  long  bar  should  be 
iced  in  the  testing  machine,  and  the  readings  taken  with  the 
rror  apparatus  shown  in  fig.    1.      The  specimen   S  is  iu  seetiow 

*  *PbiL  Mag./ Sixth  Series,  rol  f?,  No.  34,  p.  417. 
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in  the  elevadon.     It  is  gripped  by  the  two  set-ficrewa  AA,  #idi.ifl 
which  is  screwed  through  one  of  the  vertical  rods  C  and  D,     TfaM 
rod«  paas  reepectively  through  the  pieces  E  and  F,  and  are  n^ 
attached  to  them.     CE  and  DF  thua  form  a  pair  of  levers 
u^gether  at  J  J,     Any  motion  of  AA^  therefore,  will  be  tnuivnuttwi 
ihe  extreme  endii  of  E  and  ¥,    Thus  if  the  specimen  contract,  Ai 


Pia.  L 


^ 


^ 


ELEVATION 


approach  one  another,  and  E  will  rise  relatively  to  F;  the  relative 
motion  of  E  and  F  will  be  a  meiisure  of  the  contraction  of  the 
specimen. 

To  obtain  the  amount  of  this  relative  motion,  two  mirrors,  M  and  N, 

are  used.     They  are  made  of  specially  prepared  optically  plane  glasa 

The  former  is  supported  on  three  hard  steel  needle  points,  two  oi 

wAicb  rest  on  F,  and  the  third  on  E,  aa  ahowiv  m  t\i<i  ^\mv.    The  othei 
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BiiiTor,  N,  is  attached  to  F  on  a  vertioal  spindle,  about  which  it  can  be 
tamed  by  the  fine  adjustment  screw  G. 

When  the  instroment  is  set  up,  a  scale  is  placed  in  an  upright 
poiiiaon  in  front  of  the  mirrors,  and  some  distance  away,  and  the  two 
imagaB  of  the  scale  are  brought  together  in  the  field  of  a  telescope  by 
means  of  the  screw  O.  A  couTenient  mark  on  the  N  image  is  then 
taken  as  an  index,  and  the  reading  coinciding  with  it  on  the 
other  image  is  noted  each  time  the  load  on  the  beam  is  altered. 
From  the  difference  between  the  readings  before  and  after  applying  a 
load,  the  transrerse  strain  is  calculated  across  the  breadth  of  the  beam. 

The  instrument  may  be  placed  either  below  the  specimen,  when  the 
screwy  AA  are  used,  or  above,  when  BB  perform  exactly  the  same 
fimctions. 

The  pressure  between  the  screws  and  the  specimen  is  maintained  by 
a  iliff  spring,  Q  and  the  weight  of  the  instrument  taken  up  by 
attaching  a  thin  cord  to  C,  which,  passing  over  a  light  pulley,  carries 
a  balance  weight.  It  will  be  seen  that  the  instrument  is  free  from 
strains,  which  vary  with  the  load  on  the  specimen. 

The  dimension  from  the  axis  to  the  plane  of  the  tilting  mirror  was 
20  cm.,  while  that  between  the  centre-line  of  the  set-screws  and  the  axis 
was  5  cm.  A  magnification  of  four  was  thus  obtained  in  the  instrument 
itself.  For  a  long  time  consistent  reading  could  not  be  obtained,  and 
it  was  only  after  very  many  trials  of  the  instrument  and  alterations 
in  its  design  that  the  causes  of  the  inconsistency  were  successively 
eliminated. 

The  apparatus  was  very  sensivive  to  \dbration8,  and  it  was  soon 
found  that  accurate  readings  could  only  be  obtained  when  the 
machinery  in  the  adjacent  laboratories  was  at  rest.  Vibrations  caused 
by  traffic  some  distance  away  were  quite  noticeable. 

The  most  troublesome  factor  was  probably  the  small  unavoidable 
amount  of  jerk  accompanying  the  application  of  the  load.  Occasionally 
this  would  cause  a  very  slight  displacement  of  the  tilting  mirror, 
which  could  not  be  detected  on  looking  in  the  telescope,  but  neverthe- 
less was  sufficient  to  vitiate  the  accuracy  of  the  readings.  Under 
these  circumstances  it  was  impossible  ever  to  depend  on  a  single 
observation.  The  load  was  invariably  applied  and  removed  several 
times,  and  if  the  readings  were  consistent,  and  returned  each  time  to 
their  original  value  when  the  load  -was  taken  off,  they  were  accepted  as 
correct. 

Any  imperfection  in  the  adjustment  of  the  instrument  or  in  the 
manner  of  applying  the  load  was  always  made  evident  by  the  erratic 
nature  of  the  readings. 
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Method  of  Making  the  Expeiiments. 

For  the  first  series  of  experiments,  a  long  cast-iron  bar,  2'833 
broad  and  6'452  cm.  deep,  was  placed  in  the  "  Wicksteed  ** 
machine,  in  the  Engineering  Laboratory  at  University  CoDegi^ 
Bristol.  It  was  supported  on  knife  edges  at  each  end  of  a  spw 
of  91*44  cm.  (36  inches),  and  was  loaded  in  the  centre  in  the  ordiiuq! 
way. 

At  a  distance  of  from  about  7*5  to  9*0  cm.  from  the  centre  of 
the  span  lines  were  carefully  scribed  on  the  sides  of  the  beti^ 
marking  the  places  where  the  set-screws  of  the  strain-measuriif 
instrument  were  to  rest.  One  of  these  lines  was  at  the  middle  (rf  thi 
depth,  and  the  others  at  distances  of  0*635,  1*905,  and  3*175  cm.,  bot^ 
above  and  below  the  mid-point. 

The  instrument  was  attached  just  clear  of  the  ends  of  these  lino^ 
and  36*80  cm.  from  one  of  the  planes  of  supports.  Thus  the  sectioi 
examined  was  at  a  distance  from  the  point  of  application  of  the  loid 
exceeding  the  depth  of  the  beam,  and  it  was  hoped  that  this  would  bl 
sufficient  to  secure  immunity  from  the  effects  of  local  strains  doe  t| 
surface  loading.  Under  these  circumstances,  each  ton  applied  at  thi 
centre  would  produce  a  bending  couple  of  18,694  kilogram-centimetni 
at  the  section  under  observation.  J 

The  effective  distance  between  the  needle  points  of  the  tilting 
mirror,  as  given  by  a  reading  microscope,  was  0*6160  cm.,  and  the 
normal  distance  of  the  scale  from  the  mirrors  202*7  cm. 

The  total  magnification  was,  therefore,  2632  for  the  first  experi- 
ments, but  it  was,  of  course,  re-determined  whenever  the  position  of 
the  scale  was  altered. 

The  scale  was  divided  to  -^th  of  an  inch,  and,  with  the  telescope 
used,  yV^^  ^^  these  divisions  could  be  readily  estimated.  The  observed 
numbers  are,  therefore,  given  to  the  nearest  xTTi?rT>  ^^  *  centimetre. 

When  taking  a  series  of  readings  for^a  certain  change  of  load,  the 
instrument  was  first  applied  with  the  points  AA  at  the  lowest  mark, 
and  a  number  of  readings  taken  each  time  the  load  was  applied  or 
removed.  The  set-screws  were^then  moved  up  to  the  next  mark,  and 
the  readings  continued.  When  the  centre  was  reached,  the  instrument 
was  taken  off  and  re-applied  above  the  specimen,  with  the  screws  BB 
at  the  top  marks,  and  observations  were  continued  down  to  the  centime 
again. 

The  log  sheet  was  kept  as  follows : — 


iSy       Stress  and  Strain  in  tlie  Cross-section  of  a  Beam. 
Table  I. — Loads  1  to  1^  tons.    Cast-iron  Beam  No.  1. 


Load. 

Scale  reading. 

Diift. 

Mean  dilT. 

Tons. 
1-0 
1-6 
10 
1-6 
10 
1-5 
1-0 

'  110-0 
108-9 
110-1 
104-0 
110-2 
104-0 
110-1 

6  1 
6-2 
6  1 
6-2 
6-2 
6-1 

6-16 

17 


leition  of  instrument,  2iid  line  from  top. 
?nd8  when  load  is  increased. 


Index  mark,  50.    Right-hand  scale 


lle^uUs  of  the  Experiments. 

lie  experiments  for  each  load  were  carried  out  in  the  manner 
bribed  above,  and  the  load  was  at  first  advanced  by  ^-ton  intervals, 
le  difficulty  was  experienced,  however,  in  obtaining  satisfactory 
Its  for  the  first  ^  ton,  and  ultimately  the  zero  readings  were 
eted  and  a  series  taken  between  J  and  J  ton.  This  is  summarised 
'able  II. 

Table  II.— Load  i  to  J  ton. 


dumber  of 

DisUnue  t'tvni 

Men  11  E4*^\e 

X-nt'Crftl  strain 

niark. 

centre. 

differences. 

tn  specujien. 

1 

3-175 

4-6& 

3*fl2»el0-* 

2 

1  005 

3  24 

2  71 

3 

0  635 

1-20 

1-00 

i 

OiW 

0*00 

0-00 

6 

^i^«^ 

-I  10 

-0  92 

1 

ii 

- 1  -mr,  ^ 

^^2-05 

-  2-47 

1 

7 

1 

^B|2$7 

-*m 

tami^jj^M 

J 

^^^^traii 

1  was  a  eontra4,tir^^ 

vid^^^H 

^^m 

^^pliLstic 

state  of  th« 

'^     -VJ'r,,. 

m^^^^^H 

^m 

^^^^l^r 

as  possible   Ijnd^^^  rr^. 

^^^H 

M' 

Aon  and  r^mm 
i 

V<Mf    Tf.^. 

H 

1^ 

^^^^^1 

^^^^^^1 

|l«>i»«aw 

m 

"JU    \A\'. 
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Table  III  contains  the  results  of  these  experiments.  At  the  c^iti 
two  sets  of  readings  were  obtained  at  each  load.  These,  in  gened 
differed  but  slightly;  and  the  mean  values  are  given.  Hie  sl^ 
differences  were  probably  due  to  the  limits  of  accuracy  having  bee 
reached. 

Table  III. 


Increments  of  strain  at  different  loads.     (Scale  readings.) 

Position 
of  instrument. 

i  to  i  ton. 

i  to  I  ton. 

1  to  li  tons. 

U  to  2  tons. 

2to2it<»i 

1 

4-68 

9-63 

1012 

10  SO 

5-73 

2 

8-24 

5-82 

6  15 

6  17 

3-07 

3 

1-20 

1-92 

2-09 

219 

0-84 

4 

0-00 

0-06 

0-03 

-0  12 

-0  31 

5 

-I  10 

-1-88 

-213 

-2-29 

-1-89 

6 

-2-95 

-5-26 

-5-60 

-6-00 

-3-45 

7 

-4-87          -0-40 

1 

-9-00 

-8-56 

-3*96 

The  column  headed  "Position  of  the  Instrument"  refers  to  ti 
number  of  the  mark  on  the  side  of  the  beam  in  line  with  which  tfc 
instrument  was  attached. 

A  minus  sign  denotes  that  the  lateral  strain  was  a  contraction. 


Dutribntion  of  Strain, 

At  the  lower  loads  the  maximum  lateral  strain  per  unit  of  loi 
added  is  on  the  tensile  side  of  the  beam,  slightly  greater  than  that  c 
the  compressive  side.  As  the  load  increases,  however,  the  maximu 
lateral  strain  per  unit  of  added  load  in  the  tensile  fibres  decrease 
whereas  that  in  the  compressive  fibres  constantly  increases.  Hence,  i 
fracture,  this  strain  is  very  much  greater  on  the  compressive  side  tbi 
on  the  tensile. 

The  curves  in  fig.  2  are  plotted  from  the  second  and  sixth  columns  < 
Table  III,  and  show  the  increment  of  lateral  strain  at  different  point 
in  the  depth  of  the  beam.  The  full  line  refers  to  loads  of  J  and  J  toi 
and  the  broken  line  2  to  2J  tons.  For  the  other  loads  the  curves  ai 
given  in  fig.  3.  They  would  be  intermediate  between  the  two  curw 
of  fig.  2. 

Considering  the  strain  curves  for  the  tensile  side  of  the  beam  givB 

in  figs.  2  and  3,  it  \n\\  be  seen  that  at  the  lower  loads  a  straight  lia 

is  obtained,  and  that  as  the  load  is  increased  the  lines  become  more  in 

more  curved  in  the  direction  of  decreasing  strain  in  the  outer  biyert 

TIu's  curvature  is  first  noticed  in  ^um\>eTs  3  and  4,  but  not  till  the  U 

curve,  Number  5,  is  it  very  remarkable.    On  xYi^  eomYt«fi«voiv«A&^<li| 
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Fig.  2. 
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west  load  a  similar  curvature  exists  (see  fig.  2),  and  although  all  the 
adings  were  carefully  checked,  the  result  was  practically  the  same.* 
I  Numbers  2,  3,  and  4,  however,  the  line  is  straight,  whilst  in  Number  5 
lere  is  a  pronounced  curvature  in  the  opposite  direction. 

*  It  ha0  been  suggeflted  that  this  \inexix?cted  curvature  miglit  be  accounted  iot 
r  additional  strains  due  iv  the  comparatire  smallneas  of  the  diBtance  irom  l\ve 
iSedpart. 

C   2 
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The  general  conclusions  to  be  drawn  from  these  curves  are,  1 
chat  as  the  load  increases,  the  increment  of  lateral  strain  in  the 
tensile  layers  becomes  less,  and  that  this  is  accompanied  by  a 
increased  increment  in  the  less  stressed  fibres  neai*er  the  neutral  si 
and,  second,  that  on  the  compression  side,  with  higher  load 
increment  of  lateral  strain  in  the  outer  fibres  increases. 

To  what  extent  these  actions  take  place  before  fracture  can  oi 
inferred  from  the  experimental  results.  The  greatest  changes  oo 
between  2  and  2\  tons,  that  is  with  a  bending  moment  at  the  s 
under  observation  of  not  more  than  four-fifths  of  that  which  the 
was  capable  of  resisting  before  fracture  at  the  middle  of  the  span 
between  these  limits  the  effects  noticed  would  become  mucb 
remarkable. 

The  most  striking  fact  brought  out  is,  as  will  be  seen  later,  tli 
values  of  the  strains  thus  obtained  are  considerably  lower  than 
be  expected  from  theoretical  considerations. 

This  fact  appeared  so  important  that  it  was  decided  to  further 
the  result  by  the  examination  of  a  second  cast-iron  beam. 

Experimeiiis  on  Cast-iron  Beam  Xo,  2. 

The  beam  used  for  this  further  investigation  was  7*578  cm 
and  3*212  cm.  broad.  The  span  was  91*44  cm.  as  before,  ai 
section  examined  37  cm.  from  one  of  the  supports.  Readings 
taken  at  the  middle  points  of  the  depth  and  1*2,  2*4,  and  3* 
both  above  and  below  these  points. 

The  load  was  varied  between  ^  and  1  ton  only.     In   all 
respects  the  procedure  of  the  previous  experiments  was  repeated. 

Table  IV  contains  the  results  in  differences  of  scale  reading 
first  column  showing  the  distance  of  the  point  imder  obeervatioi] 
the  middle  of  the  depth.     The  curve  is  given  in  fig.  4. 

It  will  be  shown  that  these  results  corroborate  those  obtained 
the  beams  previously  described. 


Table  IV. 

Poeition  of 

Differences  of 

instrument. 

scale  readings. 

3-6 

+  7-30 

2-4 

+  500 

1-2 

+  2-40 

00 

+  0-25 

1-2 

-1-97 

2-4 

-4-34 

3-6 

-ft-2»S 
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Experiments  on  a  IKrought-iran  Beam, 

The    following    experiments  were  made  on  a    wrought>iron    bar 
122  cm.  broad  and  7*614  cm.  deep.     The  span  was  the  same  as 
fore,  namely  91*44  cm.,  and  the  section  under  observation  was 
cm.  from  one  of  the  supports. 

In  tkis  case  the  readings  were  taken  at  the  middle  of  the  depth  and 
distances  above  and  below  of  1*2,  2*4,  and  3  *  4  cm. 
The  method  of  procedure  was  exactly  the  same  as  that  with  the 
»t-iron  beams. 

Table  V. 


Dutonce 
Pom  centre 

Difference  of  scale  readings. 

Increments  of  strain  j)er  i  Um. 

in  cms. 

i  to  1  ton. 

1  to  U  tons. 

i  to  1  ton. 

1  to  li  tons. 

3-4 

+  4*50 

+  5  10 

+  3-30x10-' 

+  3-74x10-^ 

2-4 

+  3-52 

+  3-96 

+  2-58 

+  2-91 

1  -2 

+  1*90 

+  2  12 

+  1-89 

+ 1  -56 

0-0 

<-0*10 

+  0-12 

+  0  07 

•   +009 

1-2 

-2*06 

-2  12 

-1-53 

-1-56 

2-4 

-3-73 

-3'i)8 

-2-74 

-2*70 

\ 

\ 

3*4        , 

-4  '87       1       -4  &u         1 

-3-57 

-  a  hi 
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The  experiments  were  carried  out  with  two  incrementB  of  load, 
namely  from  J — 1  ton  and  1 — 1^  tons. 

Table  Y  contains  the  results  both  in  differences  of  scale  readings 
and  in  increments  of  strain  per  half  ton. 

The  curves  are  plotted  in  fig.  5,  and  it  will  be  seen  that,  whilst  on 
the  tension  side  the  two  curves  practically  agree,  on  the  compreasioa 
side  the  increment  of  strain  is  greater  for  the  higher  load. 


Fio.  5. 
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BekUions  between  Stress  and  Lateral  Strain, 

In  order  to  appreciate  the  results  of  the  foregoing  experiments,  and 
to  compare  them  with  those  which  would  be  expected  from  purely 
theoretical  considerations,  it  became  necessary  to  investigate  the 
relations  which  obtain  between  the  lateral  strain  and  the  strees 
producing  it,  in  specimens  imder  direct  tensile  and  compressive  forces. 

To  obtain  these  relations  for  the  material  of  the  first  cast-iron  beam 
specimens  were  cut  from  the  less  strained  portions  of  the  beam  itself. 

The  tensile  piece  was  1  956  cm.  in  diameter,  and  was  of  uniform 
cross-section  for  a  length  of  about  25*0  cm.  The  ends  were  screwed, 
and  gripped  in  the  testing  machine  by  the  ordinary  ball  and  socket 
arrangements. 

The  instrument  used  was  very  similar  in  principle  to  that  employed 
for  measuring  the  lateral  strain  in  the  beams.  It  has  been  fully 
explained  and  illustrated  in  a  paper  published  in  the  *  Philosophical 
Magazine '  (6th  series,  vol.  vi,  p.  417,  October,  1903). 

The  total  magnification  was  2744*5,  and  the  load  was  advanced 
^  ton  at  a  time. 

The  lateral  strain  per  ^  ton  of  load  was  then  calculated  by  dividing 
the    difference  of  scale  readings   by  84540,  and  the  corresponding 
stress  was  169 '07  kilogrammes  per  square  ceutimietT^* 
The  results  are  tabulated  and  reduced  m  Ta)a\ft  N\  VMf^^^- 
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Tbe  m^hod  of  applying  the  load  was  similar  to  that  described  in  the 
paper  quoted  above,  so  that  the  lateral  strains  do  not  include  that 
doe  to  permanent  set.     The  specimen  was  not  tested  to  fracture. 

It  will  be  seen  that  the  elastic  lateral  strain  is  proportional  to  the 
;  Ureas.    The  ratio  may  be  expressed 

Lateral  strain  per  kilogramme  per  square  centimetre  =  20*66  x  10"^ 

The  compression  piece  was  cylindrical  in  shape,  2*436  cm.  in 
diameter,  and  about  7*5  cm.  high.  The  measurement  of  change  of 
diameter  was  made  about  the  middle  of  the  specimen,  in  order  that 
the  effects  of  any  suppression  of  the  dilatation  at  the  ends  might  be 
avoided. 

The  load  was  applied  exactly  as  in  the  case  of  the  tensile  piece. 
Table  VII  (Appendix)  contains  the  results.  The  total  magnification 
was  3002. 

The  ratio  of  stress  to  strain  is  not  quite  independent  of  the 
stress.  Near  the  origin  the  lateral  strain  per  kilogramme  per  square 
centimetre  =  20*91  x  lO-*. 

In  conjunction  with  my  colleague,  Mr.  E.  L.  Watkin,  M.A.,  I  have 
made  a  large  number  of  experiments  on  these  stress-strain  relations  for 
cast-iron.  We  hope  to  publish  an  account  of  them  shortly.  Some  of 
the  specimens  used  were  cast  at  the  same  time  and  from  the  same 
ladle  as  the  second  beam  described  in  this  paper. 

In  Table  VIII  (Appendix)  are  embodied  the  results  obtained  from 
two  of  these,  the  particular  ones  chosen  giving  average  and  fairly 
representative  values.  The  tension  piece  was  1*958  cm.  in  diameter, 
md  the  compression  specimen  2*499  cm.  diameter  and  7*5  cm.  high. 

For  comparison  with  the  wrought-iron  beam  the  relations  were 
)btained  from  separate  specimens  of  similar  material. 

In  the  case  of  tension  the  lateral  strain  has  been  found  to  be  directly 
}roportional  to  the  stress  when  within  the  elastic  limit,  and  the  experi- 
nents  described  in  a  pre\ious  paper*  gave,  for  the  material  in  question, 
Ae  value  13*80x10"'^  for  the  lateral  strain  per  kilogramme  per 
jquare  centimetre. 

The  wrought-iron  compression  specimen  was  similar  to  those  of  cast 
iron,  2*404  cm.  diameter  and  7*5  cm.  high.  The  load  was  applied  by 
\  ton  intervals  up  to  2  tons,  and  then  by  tons  to  4  tons.  The  lateral 
iilatations  were  not  quite  proportional  to  the  stresses  applied.  The 
•esults  are  given  in  Table  IX  (Appendix). 

The  relations  between  stress  and  lateral  strain  for  all  three  cases 
ire  shown  graphically  in  the  curves  of  fig.  6.  The  origin  of  the  curve 
'or  comparison  with  Cast-iron  Beam  No.  2  is  displaced  to  the  right  a 
iistance  of  10  x  10"^  unit. 

*  See  'Phil  Mag./ Sixth  Series,  vol  6,  No.  34,  p.  417. 
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IHstribuUan  of  Stress  in  Beams. 

Assuming,  as  in  the  Coulomb^.  Venant  theory,  that  th 
tions  which  hold  between  direct  stress  and  lateral  strain  in 
and  compressive  tests  are,  at  the  lower  loads,  the  same  as 
which  obtain  between  the  stresses  parallel  to  the  axis  of  a 
and  the  corresponding  strains  at  right-angles  to  that  directio 
distribution  of  stress  over  the  cross-section  of  a  beam  may  be  in 
from  the  observed  lateral  strains. 

Fig.  6. 


Thus,  Table  III  gives  the  differences  of  scale  readings  mea 
the  lateral  displacements  in  the  first  cast-iron  beam.  In  Table 
have  the  total  scale  differences  due  to  the  different  loads.  Tl 
been  obtained  directly  from  Table  III  by  addition ;  and  for  th 
readings  it  has  been  supposed  that  from  0 — I  ton  the  displace 
would  follow  the  same  Jaw  as  those  between  \  wwd  \  ton.  The 
lateral  strains  are  then  calculated  as  in  TaVAe  X\.    TVi^^  ^.t« 
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by  dividiDg  the  numbers  in  Table  X  by  the  magnification  and  the 
breadth  of  die  beam,  and  multiplying  the  result  by  the  scale  unit. 

By  comparing  these  strains  with  Tables  VI  and  YII  (Appendix),  or 
with  the  curve  in  fig.  6,  we  can  find  the  direct  stresses  which  must 
bave  accompanied  them.  These  are  given  in  Table  XII  for  loads  up 
tol|  tons. 

'  Proceeding  in  a  similar  way  for  Cast-iron  Beam  No.  2  and  for  the 
I  wrought-iron  beam,  we  obtain  the  second  column  of  Table  XIII  and 
the  last  two  columns  of  Table  V  for  the  actual  strains  per  \  ton, 
and  comparing  these  with  fig.  6,  we  get  the  stresses  given  in  the 
Appendix  in  the  third  column  of  Table  XIII  for  the  cast-iron  beam, 
and  in  Table  XIV  for  the  wroughtriron  beam. 

The  degree  in  which  these  stresses  agree  with  those  obtained  by 
the  ordinary  theory  of  the  bending  prism,  as  given  by  Coulomb 
and  generalised  by  Saint  Yenant,  may  be  taken  as  a  measure  of  the 
aj^Keability  of  that  theory.  Thus  Table  XIV  contains  the  theoretical 
vahes  of  the  stresses  calculated  for  the  wroughtriron  beam,  and  it  will 
be  seen  that  the  agreement  with  the  experimental  results  is  not  very 
good  at  the  higher  stresses. 

The  theoretical  stresses  for  the  cast-iron  beams  are  given  in 
TaWee  XV  and  XIII  (Appendix). 

Discussion  of  the  liewlts  for  Cast  Iron, 

'     The  theoretical  stresses  are  not  calculated  for  loads  higher  than 

1^  tons,  as  above  that  point  some  of  the  values  obtained  would  be 

greater  than  the  actual  tensile  strength  of  the  material. 
At  the  lower  loads  the  lateral  strains,  and  the  stresses  inferred  from 

them,  are  generally  lower  than  those  obtained  theoretically. 
The  amount  of  this  discrepancy  can  best  be  seen  by   comparing 

Tables  XII  and  XV. 

It  is  also  noteworthy  that  as  the  load  is  increased  the  results  show 
a  distinct  shifting  of  the  position  of  the  neutral  axis  from  the  tensile 

towards  the  compressive  side  of  the  beam. 

For  loads  over  li  tons  not  only  is  the  theoretically  calculated 
maximum  stress  greater  than  the  ultimate  stress  the  material  will 
stand  before  fractui'e,  but  the  values  obtained  by  measuring  the 
strains  are  also  considerably  greater  than  the  maximum  lateral  strain 
which  occurs  in  a  tensile  specimen. 

The  strain  at  fracture  of  a  tensile  specimen  is  alx)ut  35  x  10" '.  This 
'8  nearly  equalled  by  the  lateral  strain  noted  at  2\  tons  load  on  the 
team,  whilst  the  maximum  lateral  strain  at  fracture  would  be  greatly 
n  excess  of  this  value. 

Saint  Venant*  assumes  that,  since  all  materials  are  capable  ol  'a,  ?>\\vA\ 

*  See  Saint  Venant's  'Narier*  (Paris,  1864),  p.  17S. 
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amount  of  flow  when  nearing  the  point  of  rupture^  the  curve  oi 
distribution  of  stress  over  the  croesHsection  of  the  beam  beccnneB 
parallel  to  the  plane  of  the  section  when  rupture  commences. 

This  suggests  that  the  higher  lateral  strains  may  be  due  to  the 
amount  of  plasticity  of  the  material  just  before  fracture. 

In  a  tensile  test  no  such  plasticity  can  be  observed.  This,  however, 
does  not  invalidate  the  assumption,  as  it  would  be  necessary  to  check 
the  plastic  elongation,  in  order  to  measure  it  before  complete  rupture 
occurred. 

One  effect  of  the  permanent  set  in  the  direct  strains  may  be  to 
produce  a  more  or  less  profound  change  in  the  distribution  of  stress 
over  the  section.  This  might  give  rise  to  the  existence  of  lateral 
strains,  which,  though  perhaps  elastic  in  their  nature,  would  not  be 
included  in  the  observed  values  of  the  experiments. 

It  has  been  pointed  out*  that,  when  the  load  on  an  overstrained 
beam  is  reduced,  initial  stresses  may  result.  The  strain  in  the  outer 
layer  might  then  be  reduced  by  an  amount  greater  than  the  real 
elastic  strain  due  to  the  load  removed. 

It  appears,  however,  to  be  far  more  probable  that  the  departures 
from  theory  which  have  been  noticed  are  due  to  the  inapplicability 
of  the  theory  employed  ;  that  is,  mainly  to  the  facts  that  (1)  the  Saint 
Venant  solution  implies  different  conditions  of  loading  and  end-fixing,t 
and  (2)  it  is  based  on  an  assumption  of  the  absolute  proportionality  of 
stress  to  strain. 

In  this  connection  it  should  be  remarked  that  a  different  distribu- 
tion of  stress  and  strain  over  the  section  would  not  necessarily  alter 
the  deflection  or  curvature  of  the  centre  line  of  a  beam  due  to  a  given 
bending  couple.  J 

The  author  hopes  to  deal  more  fully  with  these  and  other  questions 
in  a  future  paper. 

Nottf  on  thi'  Deierminatian  of  Poissan^s  Ratio  from  Bending  Experiments, 

The  instrument  descril>ed  in  this  paper  provides  a  method  not 
hitherto  available  for  the  determination  of  the  values  of  the  "  stretch- 
squeeze  "  ratio  for  different  materials. 

The  method  appears  at  present  only  suitable  for  those  materials  and 
stresses  to  which  the  ordinary  theory  of  bending  may  be  applied. 

It  depends  on  the  relation  between  the  lateral  strain  at  any  section, 
and  the  deflection  of  the  centre  line  produced  by  the  applied  bending 
couple. 

Consider  a  beam,  of  uniform  rectangular  section,  supported  at  the 

•  See  -Enoyol.  Brit.,*  vol.  22,  article  '*  StrenRth  of  Materials." 
t  See  paper  by  L.  N.  G-.  Pilon,  *  Pliil.  Trans./  A,  vol.  201,  p.  83. 
i     X  See  Wiedemann's  *  Annalen  der  Physik  und  Chemie,*  vol.  52,  1894,  paper  br 
K  Voigt,  p.  686. 
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$aisj  and  sabjeoted  to  bending  by  applying  a  transyerse  force  at  the 
eentre  of  its  span.    Let  the  origin  be  at  one  end  and  let 

X  be  taken  in  the  direction  of  the  length, 
y  a  the  distance  from  the  neutral  surface, 
P  »  the  stress  at  {x,  y), 
W  »  the  load  applied  at  the  centre, 
S  =  the  deflection  of  the  centre  line  at  a;, 
E  =  Young's  modulus  for  the  material, 
<r  =  Poisson's  ratio, 
lyhyd^  the  length,  breadth,  and  depth  of  the  beam. 

If  at  any  section,  x  >  //2,  the  change  produced  in  the  breadth  of 
the  beam  be  measured  when  the  load  is  applied,  and,  at  the  same  time, 
the  deflection  of  the  centre  line  of  the  beam  at  that  point  be  observed, 
then  the  angle  turned  through  by  the  side  of  the  beam 

and  the  deflection,  3,  is  given  by 

16EI        12EI. 

Combining  these  we  obtain  an  expression  from  which  o-  can  be  at 
once  determined,  namely,  angle  turned  through  by  side  of  beam 

^     _,    12<r86 

The  left-hand  side  of  this  equation  is  obtained  from  the  mean 
straight  line  through  the  points  representing  the  lateral  strain  in 
the  beam. 

In  conclusion  the  author  must  express  his  thanks  to  Messrs.  F.  C. 
Prentice  and  C.  M.  Rush  ton  for  assistance  rendered  at  various  times 
during  the  preparation  of  this  paper. 
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Appendix. 

Table  VI  (see  fig.  6). — Tendon  and  Lateral  Contraction  of  Test  Piece 
cut  from  Cast-iron  Beam  No.  1. 


Load. 

Lateral  strain     !      Total  lateral 

^r  i  ton        1           strain 
(scale  readings),     (scale  dirisions). 

Latendelrmin    '    J?^, 
(elastic  only).     ^    ^'^ 

Tons, 
i 

1 
li 

% 

3 

1 

! 

2-95            1             2-95 
2-95            1            5  90 
2-94                         8-84 
2  -96                      11  -79 
2-97                      14-76 
2  96                      17  -72 
2  -95            1          aO-67 

8-40  X  10-* 

6-98 
10-46 
18-95 
17-46 
20-96 
24  46 

160 
338 
507 
676 
845 
1014 
1188 

Table  VH  (see  fig.  6). — Lateral  Dilatation  of  Compassion  Specimen 
cut  from  Cast-iron  Beam  No.  L 


Load. 

Increments  of 
strain  (scale 
diyisions). 

Total  lateral 

strain  (scale 

diTisions). 

Lateral  strain 
(elastic  only). 

Stress,  kilos,  per 
sq.  cm. 

Tons. 

i 

2-60 

2-60 

2  -26  X  10-* 

109 

1 

2-56 

6-16 

4-48 

218 

li 

2-63 

7-79 

6-76 

327 

2 

2-63 

10-42 

9-05 

436 

2i 

2-60 

13-02 

11-31 

545 

3 

2-73 

16-75 

13-68 

654 

3i 

2-76 

18-50 

16  -06 

763 

4 

2-67 

21  17 

18-38 

872 

^ 

2-70 

23-87 

20-73 

981 

5 

2-73 

26-00 

23  10 

1090 

5i 

2-70 

29-80 

25-44 

1199 

(j 

2-75 

3205 

27-83 

1308 

6i 

2-80 

34-85 

30-26 

1417 
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Table  YIII  (see  fig.  6). — Stress  and  Lateral  Strain  in  Cast  Iron  for 
oomparison  with  Beam  No.  2. 


Teniion. 

1 
Compression. 

Siren 

kilos,  per 

sq.  om. 

Lateral  strain 
(elastic  only). 

i;r     1     (el-tic  only). 

^               1 

1S9 

337 

606 

675 

843 

1012 

;       1181 

*       1350 

1518 

1687 

3-87xlO-» 

6*80 
10*25 
18*65 
17*08 
20*46 
28-85 
27-32 
80-75 
34*25 

207 

414 

621 

828 

1035 

1243 

1450 

1667 

1864 

2071 

2278 

2485 

3  -95  X  10-* 

8*12 
12-48 
16-83 
21*28 
25-70 
30-14 
34-53 
38-98 
43*45 
47*85 
62  -30 

Table  IX  (see  fig.  6). — Stress  and  Lateral  Strain  in  Wrought  Iron 
under  Compression. 


Losd. 

1       Increments 
1          of  strain 

Total  strain, 
scale  divisions 

Elastic 
lateral  strain. 

Stress, 
kilos,  per 

1  (scale  divisions). 

1 

(elastic  only). 

sq.  cm.       1 

Tons. 

i 

1 

k 

1-80 

1-80 

1  -58  X  10-* 

112        ! 

1 

1-84 

3-64 

3-20 

224          1 

U 

1-86 

5-49 

4-83 

336         ; 

2 

1*90 

7-39 

6-50 

448 

8 

'             3-80 

11-19 

9-85 

672 

4 

1             3-82 

1 

15*01 

13*21 

895 

Table  X. — Cast-iron  Beam  No.  1. 


Point  in 

depth 

of  beam. 


Total  strains  at  different  loads.     (Scale  divisions.) 


0  to  i  ton. 


9-36 

6-48 

2-40 

0-00 

-2-20 

-5-90 

-9-74 


1  ton. 


18-99 

12-30 

4-82 

0-06 

-4-08 

-11-15 

-19-14 


1^  tons. 


29-11 

18-45 

6-41 

0-09 

-   6-21 

-16-75 


2  toiiH 


39-41 

24-02 

8-60 

-  0-03 

-  8-50 
-22-75 
-36-69 


2i  tons. 


45   11 

27fi0 

9-44 

-   0-31 

-10-li> 
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Table  XL— Cast-iron  Beam  No.  1. 


I  Poinl 


J 


Total  strains  at  different  loads. 


depth 

of 

beam. 

iton. 

1  ton. 

litons. 

2  tons. 

2iton.. 

1 

7  83  X  10-* 

15-89  xlO-» 

24-36  xlO-» 

32-98  xlO-» 

87-78  X  10-' 

2 

5-42 

10-29 

16-44 

20-60 

2317 

3 

201 

8fi2 

5-36 

720 

7-90 

4 

000 

005 

008 

-  0-08 

-  0-28 

5 

-rw 

-  8-41 

-  5-20 

-  7-11 

-   8-53 

6 

-4-94 

-  9-33 

-14-02 

-19-04 

-21-93 

7 

-816 

-1602 

-28-55 

-30-70 

-34-02 

Table  XII  (Table  XI  converted  to  Stresses), 


1 
Point  m 
depth 
of  beam.    . 

Stresses 

in  kilos,  per  sq.  cm. 

\  ton.        ; 

1 

1  ton. 

li  tons.      ! 

1 

-375         1 

-760 

-1152 

2 

-259        1 

-492 

-  738 

3 

-  96        ! 

-173 

-  257 

4          i 

0        1 

-     2 

-       3 

5 

90 

165 

252 

«           I 

289         1 

452 

G79 

'           \ 

895         1 

775 

1140 

—  sign  indicates  compressive  stress. 


Table  XIII. — Comparison  of  Theoretical  Distribution  of  Stress  will 
that  obtained  from  the  Lateral  Strains  in  Cast-iron  Beam  No.  2. 


Stresses  corresponding  to  obserred 

Distance  from 
centre  in  cm. 

1 

i 

lateral  strains. 

Calculated 
stress,  kilo*,  per 

Lateral  strain.       1 

Stress. 

sq,  cm. 

1 

1            3  6 

5  -21  X  10-* 

-270 

-290 

;             2-4 

3-57                  , 

-1S7        , 

-194 

1-2 

1-71                 1 

-  90        ' 

-  97 

i)0 

0  18                  ' 

-     9 

00 

1-2 

-1-41                   , 

69 

97 

2-4 

-3  10 

153 

194 

3-6              1 

-4-48 

221         ' 

290 

903.]       I^ress  and  Strain  in  the  Cross-section  of  a  Beam, 
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able  XIY. — Comparison  of  Theoretical  Distribution  of  Stress  with 
that  obtained  from  the  Lateral  Strains  in  the  Wrought-iron  Beam. 


t 

1 

Stresses  corresponding  to 

1       I>i8taiice 

obserred  lateral  strains. 

Calculated 

1    from  centre 

stress,  kilos. 

in  cm. 

per  sq.  cm. 

i  to  1  ton. 

1  to  li  tons. 

3-4 

-231 

-253 

-278 

2-4 

-181 

-199 

-196 

1-2 

-  99 

-107 

-  98 

0  0 

-     5 

-     6 

0 

1-2 

111 

113 

98 

2-4 

198 

196 

196 

3-4 

259 

255 

278 

ble  XV. — Theoretically-calculated  Stresses  in  Cast-iron  Beam  No.  1. 


Distance 

Calculated  stresses  in  kilos 

.  per  sq.  cm. 

---       - 

in  cm. 

iton. 

X  ton. 

li  tons. 

3  175 

-460 

-920 

-1380 

1-905 

-276 

-552 

-   828 

0-635 

-  92 

-184 

-   276 

0-00 

00 

00 

00 

0-635 

92 

184 

276 

1-905 

276         1             552 

828 

3  175 

460         1             920 

1380 
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*•  Observations  on  the  Sex  of  Mice. — Preliminary  Paper."  By' 
S.  MoNCKTON  Coi*KMAN,  M.A.,  M.D.,  F.RS.,  and  F.  G.  Parsoxs, 
F.K.C.8.    Received  December  1,   1903,— Eead  January  28, 

1904. 

In  this  communication  we  record  the  results  obtained,  during  t 
period  of  fifteen  months,  from  the  breeding  of  fancy  mice.  The  ezpeii- 
ments  were  commenced  with  the  object  of  determining  the  extent,  if 
any,  to  which  the  relative  proportion  of  the  sexes  is  capable  of  being 
influenced  by  varying  conditions  of  age,  nutrition,  inter-breeding,  etc. 
The  work  is  still  in  progress,  but  in  the  hope  of  obtaining  help  and 
criticism  from  other  observers,  we  think  it  desirable  to  put  on  record 
the  experimental  work  that  has  already  been  carried  out 

Our  paper  consists  of  two  parts  :  (a)  a  list  of  the  various  crossings 
and  their  results,  a  record  which  we  believe  to  be  perfectly  tTust- 
worthy  ;  and  (b)  a  series  of  conclusions  at  which  we  have  arrived  after 
careful  study  of  the  figures.  As  these  conclusions  form  the  most 
generally  interesting  portion  of  the  paper,  we  have  decided  to  place 
them  first,  especially  as  the  mere  statistics  are  only  likely  to  be  of  use 
in  the  criticism  of  our  deductions  or  in  furnishing  material  by  the  aid 
of  which  others,  not  at  first  apparent,  may  perhaps  be  formulated. 

In  using  these  tables  an  explanation  of  our  symbols  may  be 
necessary  ;  it  should,  for  instance,  be  noticed  that  all  the  bucks  are 
indicated  by  small  Greek  letters — the  does  by  Eoman  capitals.  When 
a  numeral  follows  the  letter  representing  a  particular  doe,  it  shows 
that  the  bearer  is  the  daughter  of  the  doe  whose  indication  is  the 
letter  alone.  Thus,  B-  represents  the  second  daughter  which  we  kept 
of  B,  while  B--^  refers  to  the  third  daughter  kept  of  B-,  and,  conse- 
quently, the  granddaughter  of  B.  This  method,  of  course,  gives  no 
clue  to  the  male  ancestry  of  a  mouse,  but  this  can  always  be  ascer- 
tained by  referring  to  the  record  of  the  particular  animal.  If  we 
translate  one  line  taken  at  random  from  the  doe's  record  it  will, 
perhaps,  make  our  system  clear  : 

C^  (to  €).     Sept.  22/02.     2  cJ,  4  ?  (  ?  3i  m.,  c?  at  least  4  m.) 

This  means  that  on  Septeml>er  22,  1902,  C^  (a  daughter  of  C)  bore 
two  males  and  four  females  to  the  buck  c,  and  that  at  the  time  of 
conception  (some  20  days  before)  the  mother  wjis  3^  months  old, 
while  the  father  was  at  least  4  months.  On  looking  at  the  top  of  the 
paragraph  devoted  to  CMn  the  doe's  record,  her  percentage  will  be 
seen,  while  all  that  is  known  of  the  ancestry  of  c  will  be  found  at  the 
^op  of  the  paragraph  devoted  to  him  in  the  buck's  record. 
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Part  1. — Generalisations. 

he  first  question  as  to  which  we  are  desirous  of  obtaining  informa- 
coQcems  the  possibility  of  the  male  or  female  parent,  in  any 

icular  instance,  exerting  a  marked  influence  in  the  direction  of  a 

K>nderance  of  male  or  female  oflspring.  In  seeking  an  answer  to 
question  it  is  necessary  to  state  that  out  of  the  total  number 

93  young  produced  in  the  course  of  our  experiments,  258,  or  52*3 

cent.,  were  of  the  male  sex,  and  235,  or  47*7  per  cent.,  of  the 

kle  sex. 

iking    the    buck's    descendants  first,    we    have     the    following 

rd«  : — 

a 71  (48    per  cent.)  77  (52    per  cent.) 

p 18(66-5  „  )       9(33-5  „  ) 

y 28(46-5  „  )  32(53  5  „  ) 

«  62(57  „  )  39(43  „  ) 

€  25(43  „  )  33(57  „  ) 

C  6  2 

V  33(66  „  )  17(34  „  ) 

0  7  6 

i   18(51  „  )  17(49  „  ) 

K  0  3 


258  235 

lie  cases  of  f,  0  and  k  may  be  left  out  of  consideration,  as  the 
ttbers  of  their  offlspring  are  so  few.  Of  the  rest,  a  and  t  closely 
>roach  the  normal,  but  j8,  8  and  i]  have  male  offspring  in  excess,  in 
nection  with  which  fact  it  must  be  remembered  that  8  was  the  son 
3.  On  tuining  to  the  record  of  /?,  we  find  that  in  the  case  of 
five  does  wnth  which  he  was  mated,  the  male  offspring  was  in 
ess,  and  in  the  case  of  8  also  when  put  to  five  different  does  in 
cession,  more  males  were  produced  than  females  in  every  instance, 
ras  put  to  seven  does — five  times  males  were  in  excess,  once  the 
es  were  equal,  while  only  once  (with  C^'--'-'^)  were  there  more 
lales  than  males  produced,  y  and  c  on  the  other  hand  had  female 
pring  in  excess  of  male  to  a  rather  marked  degree,  and  in  each 
3  the  record  is  taken  from  more  than  fifty  young.  With  y  the 
tales  were  in  excess  of  the  males  in  four  litters  out  of  nine,  while 
wo  others  the  sexes  were  equal,  so  that  in  only  three  out  of  nine 
ers  were  there  more  males  than  females.  In  the  case  of  c  the 
tales  were  in  excess  in  ^ve  Utters  out  of  nine,  while  in  oue  o\Xi^t 
sexes  were  equal.    In  this  case  too  there  were  more  ma\ea  \,\\a.iv 

7L.  LXXIJI.  ^ 
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females  in  only  three  litters  out  of  nine.  When  it  is  remembered 
that  all  these  bucks  were  put  to  at  least  five  different  does  selected 
at  random,  it  certainly  does  appear  that  some  bucks  have  a  tendenqr 
to  beget  more  male,  and  others  more  female  oflBspring.  This,  we 
believe,  is  the  experience  of  many  breeders  of  animals.  It  may  be 
objected  that  these  bucks  were  not  placed  with  exactly  the  sa 
series  of  does  in  each  instance,  and  we  regret  that  this  is  so,  bat 
by  looking  through  the  records  of  3  (a  male  producer)  and  c  (a  female 
producer)  it  will  be  noted  that  they  both  had  young  by  the  three 
does  B*,  C^  and  DS  with  the  following  results  : — 


i    ? 

S     ? 

B2    

2     1 

4     2 

CI  

3     2 

1     6 

Di 

9     6 

3    4 

14     9 


8  12 


so  that  their  tendency  to  produce  an  excess  of  male  or  female  offspring 
would  appear  to  have  had  no  relation  to  the  particular  does  with 
which  they  were  mated. 

With  regard  to  P  (a  male  producer)  and  y  (a  female  producer), 
both  had  young  by  the  four  does  A  B  D  and  F  with  the  following 
results : — 

7- 

i  ? 

4  0 

7  9  (in  3  litters) 

8  8  (in  2      „     ) 
4  3 


12  12       23  20 


This  is  not  nearly  so  satisfactory  a  result  for  our  contention,  as 
with  the  same  does  y  (the  female  producer)  actually  produced  a 
larger  proportion  of  males  than  did  P  (the  male  producer). 

We  shall,  therefore,  content  ourselves  by  saying  that  5  and  17  are 
instances  of  bucks  which  tend  to  produce  an  excess  of  male,  and  «  of 
one  producing  excess  of  female  offspring. 

On  looking  through  the  record  of  the  does  the  point  that  is  most 
striking  is  the  behaviour  of  C^  and  her  descendants : — 
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S- 

?. 

C^        produced 

9 

17 

ci-^ 

3 

11 

Ci-2-1 

2 

3 

C^-2-2 

2 

5 

C1.-2.2.1             „ 

5 

10 

21  46 

(31  per  cent.)  (69  per  cent.) 

other  hand  C^*^  had  17  male  and  6  female  young,  but  she 
ghter  of  €  not  of  a.  There  is,  however,  an  injfluence  at  work 
mily  which  may  possibly  account  for  the  excess  of  females 
s,  and  it  is  that  the  same  buck  a  was  largely  responsible  for 
3,  as  each  of  the  does  was  put  to  him;  thus  C**--^-'-  was  his 
on  the  male  side,  and  his  great,  great  granddaughter  on  the 
It  has  already  been  noted  that  a  was  a  buck  who  produced 
y  the  normal  proportion  of  young,  so  that  his  influence  alone 
Bly  to  account  for  the  excess  of  females.  But  the  practice  of 
g  a  buck  with  his  daughter,  granddaughter,  &c.,  for  several 
ns  may  perhaps  account  for  an  excess  of  female  offspring; 
ry  being  strengthened  by  the  fact  that  C^-2-2*i-  was  the  only 

which  the  male-producing  buck  rj  had  more  females  than 
i  litter.  The  clue  is  one  which  we  are  now  following  up  and 
J  would  suggest  to  other  breeders  as  worthy  of  further 
Aon,  On  the  whole,  our  statistics  seem  to  point  to  the  fact 
lin  bucks  and  does  tend  to  produce  a  preponderance  of  one 
hat  the  influence  is  greater  in  the  male  parent ;  also  that  a 
h  is  the  result  of  prolonged  inbreeding  is  more  likely  to 
emale  than  male  offspring, 
xt  point  inquired  into  refers  to  the  possibility  of  the  number 

in  a  litter  exerting  any  influence  on  the  proportion  of  the 

there  is  any  basis  of  fact  in  the  theory  that  the  amount  of 
mt  an  embryo  receives  affects  the  determination  of  its  sex,  we 
3ect  that  large  litters  would  show  a  predominance  of  one  sex  and 
3rs  a  predominance  of  the  other.  Up  to  the  present  we  have 
the  young  which  were  eaten  by  their  mothers  before  their  sex 

determined,  because  we  have  no  reason  to  believe  that  the 
referred  to  eat  male  or  female  young,  and,  in  taking  large 
we  have  presumed  that  as  many  male  as  female  young  would  be 
his  way.  We  have,  however,  kept  a  record  of  the  total  number 
bter  when  first  seen ;  often  an  hour  or  two,  and  never  more 
ours  after  the  birth.  A  doe  hardly  ever  eats  the  whole  of  a 
e  at  once,  as  she  apparently  prefers  to  first  eat  the  viscera 
IS  of  several,  leaving  their  carcases  for  a  future  mea\.  ^o 
7  s/ter  12  hours  from  the  birth,  it  is  easy  to  see,  \>y   \)ci^ 
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remains,  how  many  young  have  been  eaten.    The  record  of  these  litte 
with  the  proportions  of  the  surviving  young,  are  as  follows : — 


Number. 


Doe. 


Number  in 

Snrfiying 

SonriTing 

litter. 

nudes. 

females. 

4 

4 

_ 

7 

4 

a 

4 

4 

— 

7 

4 

8 

5 

4 

I 

5 

8 

2 

5 

2 

8 

6 

2 

4 

6 

2 

2 

3 

3 

4 

1 

3 

6 

8 

2 

8 

4 

4 

8 

4 

4 

7 

7 

8 

4 

4 

9 

8 

1 

7 

4 

3 

7 

4 

3 

9 

1 

6 

7 

2 

3 

6 

2 

1 

8 

4 

2 

3 

2 

1 

10 

4 

4 

8 

2            ; 

5 

9 

4           1 

5 

7 

2 

3 

7 

3 

2 

7 

1 

6 

9 

2 

7 

7 

3 

2 

2 

1 

1 

9 

5 

1 

6 

2 

4 

7 

3 

3 

6 

3 

3 

3 

i 

3 

7 

2           , 

5 

7 

3 

4 

8 

6 

3 

7 

5 

2 

8 

4 

4 

5 

1 

4 

8 

4 

4 

11 

^ 

3 

9 

3 

3 

6 

3 

3 

5 

1 

4 

8 

3             i 

5 

8 

2 

3 

4 

1 

2 

9 

1   t  ^ 

S 

6 

^ 

Eaten. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12.. 
13.. 
14.. 
15., 
16., 
17.. 
18., 
19.. 
20.. 
21.. 


/ 


23. 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38., 
39., 
40., 
41. 
42.. 
43.. 
44.. 
45.. 
46.. 
47.. 
48.. 
49.. 
50., 
51.. 
62.. 
63... 
64... 


B 
0 


£ 

F 


B» 
B2 


B' 

»> 
C 

>» 
»> 

»> 
)) 

D» 

}) 
»> 
}> 

» 

D» 
» 

B2.1 
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IW. 

Doe. 

Number  in 
Utter. 

SuTTiying 
males. 

SurviTing 
females. 

Eaten. 

>  •  •  • 

>  •  •  • 

B«» 
BM 
B>-i 
B»i 

DM 

D«» 

Ci.a-1 

CMS 

a 

>f 

H 

1 

6 

7 

5 
10 

7 

8 

8 

8 

7 

6 

5 

4 

5 

7 
10 

7 

8 

7 

8 

487» 

4 
6 
4 
6 
1 
2 
5 
6 
6 
2 
5 
2 
2 
2 
2 
3 
1 
5 
6 

2 
2 

1 
4 

5 
6 
8 
2 

1 
1 

2 
3 
5 
6 
4 
2 
2 
2 

1 
2 

231 

211 

45 

5  table  shows  that  487  young  were  produced  in  73  litters,  thus 
an  average  of  6  •  7  for  a  litter.  There  are  45  litters  of  7  or  over, 
I  of  under  7.  These  we  may  speak  of  as  large  and  small  litters 
tively.  If  the  number  of  young  in  the  45  large  litters  is  added 
amounts  to  356,  and  of  these  164  (46  per  cent.)  were  males; 
3*5  per  cent.)  females;  while  37  (10*5  per  cent.)  were  eaten  and 
sex  undetermined.  Similarly  if  the  number  of  young  in  the 
all  litters  is  taken  we  get  a  total  of  131 ;  of  these  67  (51  percent.) 
males ;  56  (43  •  7  per  cent.)  females ;  while  8  (6  per  cent.)  were 
Tabulated  these  results  are  as  follows : — 


? 

5r  cent. 
43-5 

Eaten 

per  cent. 

10-5 

43 

6 

per  cent. 

Large  litters  (over  6)  46 

Small  litters  (6  or  under)    ...     51 

B  result  suggests  two  conclusions — firstly,  that  in  a  large  litter  a 
r  percentage  of  y oimg  is  eaten  by  the  mother,  which  is,  perhaps,  what 
auld  expect,  and,  secondly,  that  in  small  litters  there  is  a  slightly 
r  percentage  of  males  than  in  large  ones.  Other  things  being 
one  might  fairly  suppose  that,  in  a  small  litter,  each  individual 
o  would  be  better  nourished  than  in  a  large  litter,  and  this 

le  records  of  the  six  does  with  which  the  buck  8  was  placed  in  a  large  cage 
9t  been  added  in,  because  we  hare  no  means  of  knowing  how  many  -were 
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supposition  is  strengthened  by  our  experience  that,  in  small  litters,  the 
young  are  individually  of  greater  size  than  we  have  found  to  be  the 
case  in  larger  families.  The  difference  between  the  percentages  of 
the  large  and  small  litters  is  not  great  enough  to  enable  any  general 
conclusion  to  be  drawn  from  it,  but,  so  far  as  it  goes,  it  suggests  that  | 
ample  nourishment  is  more  likely  to  result  in  an  excess  of  male  rather  I 
than  of  female  offspring.  ^ 

The  next  point  to  be  discussed  is  whether  the  age  of  either  parent    ■ 
affects  the  proportion  of  sexes  in  the  young.    As  an  aid  to  the  deter- 
mination of  this  question  the  records  of  all  the  does  of  two  months  or 
under  at  the  time  of  conception,  may  be  compared  with  those  of  all  the 
does  of  6  months  or  over. 

We  have  records  of  21  litters  produced  by  does  up  to  2  months  of 
age.  These  give  a  total  of  108  young,  of  which  55  (51  per  cent.)  are 
males,  and  53  (49  per  cent.)  females.  With  does  over  6  months  old  ve 
have  also  records  of  21  litters,  with  a  total  of  134  young;  of  these  74 
(55  per  cent.)  are  males  and  60  (45  per  cent.)  females.  These  figures 
show  that  there  is  an  increase  in  the  proportion  of  males  to  females  in 
the  progeny  of  those  does  over  6  months  of  age.  It  will  now  be  worth 
while  noticing  that  the  does  at  intermediate  ages,  that  is,  from  2J — 5^ 
months  (inclusive),  produced  27  litters,  giving  a  total  of  173  young,  of 
which  85  (49  per  cent.)  were  males,  and  88  (51  per  cent.)  females. 

Tabulated,  we  arrive  at  the  following  results : — 

^  ? 

per  cent,     per  cent. 

Does  up  to  and  including  2  months    51  49 

„     between  2J  and  5^  months 49  51 

„     of  6  months  and  over 55  45 

This  suggests  that,  in  does  over  6  months  old,  the  proportion  of 
males  to  females  increases,  but  we  are  unable  to  deduce  anything  from 
this  knowledge  at  present,  for  the  reason  that  we  do  not  know  the 
duration  of  the  breeding  period  of  a  doe,  nor  at  what  stage  the  young 
are  likely  to  receive  the  greatest  amount  of  nourishment.  Moreover, 
the  difference  in  the  proportion  of  the  sexes  among  the  young  is  not 
a  very  great  one,  and,  doubtless,  there  are  many  other  influences  at 
work,  the  effect  of  which  it  is  difficult  to  eliminate.  One  of  these 
is  the  tendency,  of  which  proof  has  been  adduced,  that  certain  bucks 
produce  a  preponderance  of  male  or  female  offspring,  but  this 
tendency,  to  a  certain  extent,  has  been  neutralised  by  the  fact  that 
our  statistics  have  been  drawn  from  the  pairing  of  ten  bucks  with 
twenty-eight  does.  It  is  unfortunate  that  the  buck  of  which  we 
possess  most  records  should  have  been  paired  so  extensively  with  does 
under  6  months  of  age,  as  had  he  been  pwt  vf\t\v  «i\\  ec\ual  number  of 
old  and  young  does,  it  would  have  been  intereatiw^  tiO  \v3i:v^  ^^Xattsaxv^ 
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hether  the  percentages  of  male  and  female  young  would  have  varied, 
ome  little  information  may,  however,  be  obtained  from  the  record  of 
who  when  he  was  mated  with  five  does  of  an  average  age  of  7  months, 
reduced  65  per  cent,  of  male  offspring,  while  with  six  does  averaging 
months  old  the  male  offspring  was  only  53  per  cent.  Though  the 
ambers  here  are  small  (eighty-three  young  in  all),  the  record  certainly 
ipports  the  suggestion  that  an  adult  doe  is  more  likely  to  bring 
)rth  an  excess  of  male  offspring  than  a  very  young  one. 
With  regard  to  the  effect  of  the  age  of  the  buck  we  are  unfortu- 
lately  unable  to  give  any  definite  opinion,  since  the  bucks  from  which 
re  chiefly  bred  were  apparently  fully  grown  when  purchased,  though 
re  had  no  means  of  actually  determining  their  age.  It  will  be  seen, 
m  looking  at  the  record  of  a,  that  in  his  later  offspring  females  pre- 
lominated,  but  there  three  factors  at  least  are  concerned:  (1)  The 
kdvanced  age  of  the  buck;  (2)  the  predisposition  of  C^  and  her 
lescendants  to  produce  females;  and  (3)  the  possibility  that  the 
ixcessive  inbreeding  to  which  these  mice  were  subjected  may  have 
ed  to  an  increase  of  females. 

The  last  factor  we  propose  to  consider  at  the  present  time  is  that 
f  external  temperature.  The  mice  were  kept  in  an  unheated 
reenhouse  in  which  the  temperature  usually  ranged  between  80' 
nd  IOC*  F.  during  the  day-time  in  summer,  while  in  winter  it 
ften  descended  several  degrees  below  freezing  point.  It  may  be 
iteresting  to  contrast  the  records  of  the  young  born  in  July, 
lUgust  and  September  with  those  born  in  December,  January, 
'ebruary  and  March,  and  both  of  these  with  the  total  records  for  the 
hole  15  months  over  which  our  experiments  extended.  During  the 
hot  months  136  young  were  born,  of  which  75  (55  per  cent.)  were 
lales,  and  61  (45  per  cent.)  females,  while  during  the  4  cold  months 
27  young  were  born,  of  which  65  (51  per  cent.)  were  males  and  62 
19  per  cent.)  females. 

<?.  ?. 

Three  hot  months 55  per  cent.     45  per  cent. 

Four  cold  months 51  „  49        „ 

Total  records  for  15  months...     53*3       „  46*7     „ 

These  results  do  not  seem  to  indicate  that  temperature  or  time  of 
ear  exerts  any  marked  effect  on  the  proportion  of  the  sexes  in  the 
oung. 

In  conclusion  it  must  be  confessed  that  we  have  learnt  comparatively 
ttle  from  this  15  months'  experimentid  work  on  mice,  but  we  are 
opeful  that  the  labour  has  not  been  entirely  expended  in  vain,  and 
lat  at  least  certain  clues  have  been  obtained  which  may  usefully  be 
)llowed  up,  both  by  ourselves  and  other  breeders.  So  far  as  our 
jcperiments  have  gone,  the  chief  points  of  interest  NV^owVd  ^^^xcl 
>  he: — 
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1     Tu 

^^Jnales  ^^  ^^  '^^^ber  of  males  born  is  slightly  larger  than  that  of 

A  ot>^n     ^^^l^^'^  males  begot  a  markedly  large  proportion  of  male, 

^^5.  That  tb    ^"'*''  "^'P^«- 

.     rp^     tnere  IS  some  evidence  that  this  tendency  is  hereditary. 

Drin  ^  i^^^*^^^*^  ^^^  ^^^  ^  bear  an  excess  of  either  male  or  female 
^^ffsP     g»  out  the  evidence  of  this  is  not  so  conclusive  as  in  the  case 
c  the  male. 

5.         ^  mice  bear  inbreeding  between  a  male  and  his  offspring  for 
0ve  generations  without  loss  of  fertiUty  or  apparent  bodily  degenera- 
Xhoxv'-'^^^  inbreeding  in  our  one  series  of  experiments  being  attended 
^th  a  large  excess  of  female  offspring. 

6.  That  the  average  number  of  young  in  a  litter,  judged  from 
seventy-three  litters,  is  6-7. 

7.  That  in  large  litters  more  of  the  young  are  likely  to  be  eaten  by 
the  mother  than  in  small  ones. 

8.  That  in  large  litters  the  proportion  of  females  is  greater  than  in 
amall  ones. 

9.  That  more  males  are  produced  by  does  over  6  months  than  is  the 
case  with  does  under  that  age. 

10.  That  the  temperature  and  time  of  year  at  which  impregnation 
occurs  seem  to  exert  little  or  no  influence  on  the  proportion  of  male 
and  female  offspring. 

Of  course  the  larger  the  number  of  experiments  the  greater  will  be 
the  likelihood  of  obtaining  reliable  statistics,  so  that  it  will  be  interest- 
ing to  determine  whether  another  year's  breeding  confirms  or 
neutralises  the  results  now  recorded,  but  we  think  it  desirable  to 
publish  our  observations  at  this  stage,  for  two  reasons,  firstly,  to  invite 
<5ntici8m  on  our  methods  and  suggestions  for  future  work,  and, 
•secondly,  to  indicate  to  other  breeders  clues  which  would  appear  worth 
^hile  following  up. 

It  should,  perhaps,  be  mentioned  that,  in  each  instance,  careful  record 
^^^  been  kept  of  the  rohmr  of  the  individual  mice  mated  together,  and 
*lso  of  that  of  their  progeny.  These  results  we  have  handed  over  to 
^^'  Bateson,  by  whom  they  have  been  utilised  in  connection  with 
*18  investigation  of  Mendel's  theory  of  inheritance  of  parental 
^^^araeteristics.* 


•  Zool.  S<H-.  Proc./  1903,  vol.  2,  p.  H.J. 
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Part  n.— Records. 
A.  Loes^  Becords. 

1.  Doe  A  (bought  on  April  18,  1902,  under  breeding  age). 

Tea  May     9/02      4    0    About  2  m.     At  least  4  m. 

„  p  June  22/02       4    3         „      3  „  „      5  „ 

„  r  Oct.      2/02      4    0         „      7  „  „       4  „ 

12     3 

2.  Doe  B  (bought  April  18,  1902,  under  breeding  age). 

To  a  May   11/02  4  3  About  2    ni.  At  least  4    m. 

.P  July  16/02  4  1  „      3i  „            „      4i  „ 

„  y  Sept.    8/02  3  2  „      5     „  3    m. 

„  y   Oct.   18/02  2  3  „      6^  „  4i  „ 

„  y   Nov.  11/02  2  4  „      7i  „  5^  „ 

15  13 

3.  Doe  C  (bought  April  18,  1902,  under  breeding  age). 

To  a  May  17/02       2     2     About  2  m.     At  least  4  m. 

„  P  July    2/02       3     -         „      3  „  „      4  „ 

5     2 

4.  Doe  D  (bought  April  18,  1902,  under  breeding  age). 

To  a  May  22/02  1  3  About  2    m.  At  least  4  m. 

»  P  July    1/02  3  2  „      3     „             „      4  „ 

,,  y  Aug.  20/02  4  4  „      4^  „  2  m. 

„  y  Oct.    10/02  4  4  „      6     „  3i  „ 

„a  Nov.  25/02  7  -  „      7     „  At  least  10  m 

19  13 

5.  Doe  E  (bought  April  18,  1902,  under  breeding  age). 

To  a  May  26/02        4     4     About  2  m.     At  least  4 J  m. 

4      I 
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6.  Doe  F  (bought  April  18,  1902,  under  breeding  age). 

To  a  June'^    4/02  0     1  About  2    m.  At  least  4^  m. 

„  P  July' 23/02  4     3         „     3^  „  „       4      „ 

„  7  Sept.  19/02  4    3         „    5^  „  „       3^    „ 

„  a  Oct.    30/02  16          „     7     „  »        9     „ 

12  13 


7.  Doe  B^  (B  +  o,  bom  May  11,  1902). 
To  a July  14/02      2     1     2  m.    At  least  6  m. 


2     3 


8.  Doe  B2  (B  +  a,  bom  May  11,  1902). 

To  a  July  12/02  2  12m.  At  least  6  m. 

„  €  Sept.  25/02  4  2     4i„  „       4  „ 

„  8  Feb.  2/03  2  1     9i  „  „       6  „ 

„  V  May  30/03  4  4  12"  „  „       4  „ 

12     8 


9.  Doe  B8  (B  +  a,  bom  May  11,  1902). 

^.  ?.  ?.                <J. 

To  a  July  29/02       2  5  2  m.  At  least  6J  m. 

„    €  Oct.     1/02       4  5  4,,             „       4     ,, 

„   6  Nov.  13/02       2  3  5,,  2  m. 

8  13 


10.  Doe  C^  (C  +  a,  born  May  17/02). 

To  a  July  25/02  3     2  2  m.  At  least  6^  m. 

„    €  Sept.  27/02  16  4,,  „       4     „ 

„   y  Nov.  25/02  2     7  6,,  „      5J  „ 

„    S  Feb.    2/03  3     2  8,,  „       6     „ 

9  17 
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11.  Doe  C«  (C  +  a,  born  May  17,  1902). 

Tea    Aug.    1/02  112m.     At  least  6iim. 

»    a  Aug.  22/02  5     1     2^  „  „         7    „ 

„    €  Sept.  22/02  2     4     3i„  „         4^ 

„    t  Dec.  20/02  3     :i       6J  m.     3^  m. 

„    I  Feb.     4/03  3*    3      8     „      5     „ 

„  #c  May  20/03  -     3     12     „      2     „ 

14  15 

12.  Doe  Di  p  +  a,  born  May  22,  1902). 

(J.    ?.      ?.  (?. 

To  a  July  31/02       2     5     IJ  m.  At  least  6^  m. 

„    €  Oct.     5/02       3     4     3i  „  „       4    „ 

„    0  Nov.  18/02       5     3     5m.       2^  ra. 

„   5  Jan.   13/02       5     2     7,,        5^  „ 

„   5  Feb.    24/03      4     4    8^  „        7     „ 

19  18 

13.  Doe  D2  (D  +  a,  born  May  22,  1902). 

<?.    ?.  ?.  ^. 

To  a  Aug.     7/02       14  2m.  At  least  7  m. 

,,    €  Sept.  30/02       4     4  3A   „  „       4  „ 

„    €  Oct.    23/02       4     3  4|   „  „       5  „ 

„     i  Dec.  21/02       3     3  6i   „  3^  m. 

12  14 

14.  Doe  D3  (B  +  a,  born  May  22,  1902). 

S.    ?.       ?.  ^. 

To  a  Aug.     2/02       3     3  2    ra.     At  least  7  m. 

„    €  Sept.  29/02       14  3,,  „       4 

„    y  Dec.  12/02       3     5  5^  „      G  m. 

7  12 
15.  Doe  B2-1  (B2  +  a,  born  July  12,  1902). 

To  a  Sept.  11/02  2     3  2  m.  At  least  8  m. 

„  a  Nov.   17/02  12  4,,             „     10  „ 

„    S  Jan.    15/03  6     3  6  „  5i  m. 

„   a  May   21/03  3     2  10  „  aI;  least  16  m. 

„   V  July     8/03  4     2  12  „             „         5  „ 

16  12 
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16.  Doe  B««  (B«  +  iy,  bora  May  30,  1902). 

To  ly  July  27/02      5    2      5  w.      At  least  6  m. 

5    2 

17.  Doe  B«-i  (B»  +  a,  bom  July  29,  1902). 

tJ.    9.        9.  <y. 

To  a  Oct.  5/02      4      1       2  m.      At  least  9  m. 


18.  Doe  B8-«  (B«  +  a,  bom  July  29,  1902). 

To  I  Oct.  30/02      6      4        2J  m.      IJ  m. 

6      4 

19.  Doe  Ci-2  (Ci  +  o,  bom  July  25,  1902). 

<J.    9.  9.  <J. 

To  a  Oct.    2/02       15  7  w.       At  least    9  m. 

„a  Jan.  10/03       2       6  5  m.  „       12  ,. 


3     11 


20.  Doe  O'^  (Ci  +  €,  born  September  27,  1902). 


<?.  9. 

To  3  Feb.    6/03        5  3 

„  C  May  20/03         6  2 

„  7]  June22/03        6  1 

17  6 


9.  <?. 

4  m.  6  m. 

7  2 

8  „  At  least  5  m. 


21.  Doe  Di-i  (Di  +  a,  bom  July  31,  1902). 


<?.    9.  9. 

To  €    Dec.  5/02      2       1        3^  m. 

2       1 


At  least  6  m. 


22.  Doe  D2-3  (D2  +  a,  bom  August  7,  1902). 

^.     9.  9.  (J. 

To  a  Oct.  26/02      5       —        2  m.      At  least  9^  m, 

5       — 
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23.  Doe  D»-»  (D«  +  a,  born  August  2,  1902). 

(J.     ?.  9.  (J. 

To  i   Oct.  28/02       2      2  2  m.       IJ  m. 

2       2 

24.  Doe  Ci-2.1  (Ci-2  +  a,  born  October  2,  1902). 

To  a  Dec.  22/02      2       3        2  m.     At  least  llj  m. 

2       3 

25.  Doe  (?-2-2  (Ci-2  +  a,  born  October  2,  1902). 

To  a  Dec.  27/02       2      5        2  m.     At  least  llj  m. 

2      5 

26.  Doe  Ci-2-2-1  (Ci-2-2  +  a,  born  December  27,  1902.) 

(J.      ?.         ?.  (J. 

To  a  May   13/03       2       6         4  m.      At  least  16  m. 

„    rf June  24/03      3       4        5  „  „         5  „ 

6     10 

27.  Doe  G  (age  and  ancestry  lost,  but  under  3  months). 

(J.     $.  ?.  (J. 

Tot    May  22/03     1       2     About  3  m.     8^  m. 

„    rj    June  29/03     5       2         „      4„      At  least  5  m. 

6       4 

28.  Doe  H  (age  and  ancestry  lost,  but  under  3  months). 

To  ri  July  17/03       6       2     About  3  m.     At  least  6  m. 

6       2 
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B.  Bucks'  Reccn-d, 

1.  a  (bought  April  18,  1902,  at  least  4  months  old). 

(J.  ?. 

By  A May    9/02  4  — 

„    B  May  11/02  4  3 

„    C May  17/02  2  2 

„    D May  22/02  1  3 

„    D Nov.  25/02  7  — 

„    E  May  26/02  4  4 

„    F  June    4/02  3  1 

„    F  Oct.  30/02  1  6 

„    W July  14/02  2  3 

„    B2 July  12/02  2  1 

„    W July  29/02  2  5 

„    Ci July  25,02  3  2 

„    C2 Aug.   1/02  1  1 

„    C2 Aug.  22/02  5  1 

„    Di July  31/02  2  5 

„    D2 Aug.    7/02  1  4 

„    D3 Aug.    2/02  3  3 

„    B-^-^ Sept.  11/02  2  3 

„    B2-1 Nov.  17/02  1  2 

„    B21 May  21/03  3  2 

„    B3-^ Oct.     5/02  4  1 

„    C^- Oct.     2/02  1  5 

„    Ci-2 Jan.  10/03  2  6 

„    D-'-3 Oct.  26/02  5  — 

„    C12-1 Dec.  22/02  2  3 

„    Ci-2-2 Dec.  27/02  2  5 

„    Ci-2-2-1 May  12/03  2  6 

71  77 

2.  /8  (bought  May  30,  1902,  at  least  4  months  old). 

By  A Jmie  22/02  4  3 

„    B July  16/02  4  1 

„    C July     2/02  3  — 

„    D July     1/02  3  2 

„    F July  23/02  4  3 

18  9 
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3.  y  (B  +  a,  born  May  11,  1902). 

(J.  ?. 

By  A Oct.     2/02            4  — 

.,    B Sept.    8/02             3  2 

„    B Oct.    18/02             2  3 

„    B Nov.  11/02            2  4 

„    D Aug.  20/02             4  4 

„    D Oct.   10/02            4  4 

„    F Sept.  19/02            4  3 

„    O Nov.  25/02             2  7 

„    D3 Dec.  12/02            3  5 

28  32 

4.  a  (B  +  /?,  born  July  16,  1902). 

is  buck,  when  4  weeks  old,  was  placed  in  a  large  cage  with  the 
ring  six  does,  all  of  which  were  under  breeding  age :    B^*^,  F^ 

>2ij  D- -,  C^  ^  The  young  of  course  were  all  mixed,  but  alto- 
)r  277(J  and  24  ?  were  born  between  November  9,  1902,  and 
aryJlT,  1903.  The  buck  was  then  put  separately  to  five  does 
the  following  result : — 

(J.  (J. 

By  B2 Feb.    2/03             2  1 

„    Ci Feb.    2/03            3  2 

„    Di Jan.  13/03             5  2 

„    Di Feb.  24/03             4  4 

„    B21 Jan.  15/03             6  3 

„    Ci'3 Feb.    6/03            5  3 

21  11 
Previous  record  with  young 

27  24 
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5.  €  (Bought  September  6,  1902,  at  least  4  months  old.) 


By  B2 Sept.  25/02 

B3 Oct.     1/02 

C^ Sept.  27/02 

C^ Sept.  22/02 

D^ Oct.     5/02 

D- Sept.  30/02 

1)'-^ Oct.    23/02 

D3 Sept.  29/02 

D^-i Dec.     5/02 


4 
4 
1 
2 

3 
4 
4 
1 
o 


?. 
2 
5 
6 
4 
4 
4 
3 
4 
1 


25 


a^ 


48  Obiervaitons  an  the  Sex  of  Mice. 

6.  (  (ancestry  lost,  about  2  months  old). 

By  Ci-« May20/03            6  2 

7.  rj  (bought  May  1,  1903,  at  least  4  months). 

By  Ci-«  June22/03            6  1 

„    B2 May  30/03            4  4 

„    Ci-2-2.1  June  24/03            3  4 

„    G June29/03            6  2 

„    B2-1   July    8/03            4  2 

„    H". July  17/03            6  2 

„    B2-2  July  27/03            5  2 

33  17 

8.  6  (C2  +  a,  bom  August  22,  1902). 

(J.  ?. 

By  B3 Nov.  13/02            2  3 

„    Di Nov.  18/02            5  3 

7  6 

9.  i  (C2  +  a,  born  August  22,  1902). 

(J.  ?. 

By  C2 Dec.  20/02            3  3 

„    C2 Feb.     4/03            3  3 

„    D2 Dec.  21/02            3  3 

„    B3-2 Oct.  30/02            6  4 

„    D3-3 Oct.  28/02            2  2 

„    G May  22/03             1  2 

16  17 

10.  K  (C-  +  1,  born  March  1,  1903). 

(J.  9. 

By  C2 May  20/03            0  3 


[D 
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"  Observations  upon  the  Acquirement  of  Secondary  Sexual 
Characters,  indicating  the  Formation  of  an  Internal  Secretion 
by  the  Testicle."*  By  S.  G.  Shattogk  and  C.  G.  Seligmann. 
CJommunicated  by  Professor  J.  E.  Bradford,  F.B.S.  Received 
December  14,  1903,— Bead  January  28,  1904 

The  Problem  Stated. 

The  question  taken  up  in  the  present  commimication  may  be 
concisely  stated  as  follows  : — 

The  most  prominent  and  obvious  function  of. the  testicle  is  the 
formation  of  the  sperm.  Under  normal  circumstances  this  is  dis- 
charged ;  it  constitutes,  that  is  to  say,  an  external  secretion. 

In  spermatogenesis  the  male  attributes  culminate.  There  is,  how- 
ever, another  element  in  maleness,  of  a  different  kind,  less  essential, 
yet  in  many  cases  well  pronounced,  viz.,  the  acquirement  of  certain 
external  characters  which  distinguish  the  male  from  the  female  in 
many  groups  of  living  forms. 

That  the  development  of  such  secondary  characters  is  related  to 
some  function  of  the  testicle,  appears  from  the  results  which  follow 
ciustration  when  carried  out  l)efore  the  advent  of  sexiial  maturity.  On 
what,  then,  does  the  production  of  these  characters  depend  1 

It  is  conceivable  that  the  result  may  be  due  to  a  nervous  reflex 
Hiising  out  of  the  physical  function  of  the  sexual  mechanism.  This 
view  our  ol>servations  seem  to  us  to  disprove. 

The  genesis  of  the  external  male  characters  must,  in  our  opinion,  be 
transferred  from  the  influence  of  the  nervous  system  to  the  realm  of 
chemistry.  It  depends,  with  more  probability,  upon  the  formation 
of  a  second  secretion  by  the  testicle,  the  absorption  of  which  into  the 
circulation  induces  the  metabolic  changes  that  reveal  themselves  as 
secondary  sexual  characters. 

The  .suggestion  that  such  an  internal  secretion  might  be  elaborated 
l»y  the  "interstitial  cells,"  which  lie  in  groups  between  the  tubuli, 
was  put  forward  by  one  of  us  (S.  G.  S.)t  in  1897. 

The  experiments  to  be  recorded  were,  in  fact,  primarily  designed 
with  the  object  of  eliminating  any  part  that  might  be  played  by  the 
tubuli  in  this  connection,  and  so  of  determining  whether  any  function 
could  be  ascribed  to  the  cells  named. 

They  consisted  in  ligation  of  the  vasa  deferentia  in  the  young  of 
certain  forms  in  which  the  male  exhibits  marked  secondary  characters. 

•  Towards  the  expenses  of  this  research  a  jjrant  was  made  by  the  Council 
of  the  Koyal  GoUege  of  Surgeons  ;  anil  by  the  British  Medical  Association,  on  tlic 
recommendation  of  t)ie  Scientific  Grants  Committee  of  tlie  AsHOciation. 

t  *  British  Medical  Journal,'  Feb.  20,  1897. 

\0L.  LXXIIJ.  IE. 
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It  appeared  possible  that  the  epithelium  of  the  testicular  tubuli 
would,  under  these  circumstances,  on  proliferating,  undergo  degenera- 
tion and  atrophy  from  the  pressure  due  to  its  own  accumulation, 
whereas  the  interstitial  cells  of  the  stroma  might  remain  intact.  This 
result,  however,  did  not  ensue,  but  others,  which  we  venture  to  record 
as  bearing  on  the  problem  under  consideration. 

The  forms  selected  were  a  breed  of  sheep  (Herdwick),  the  male  of 
which  is  fiu'nished  with  long  recurved  horns,  of  which  the  female  is 
quite  destitute,  and  the  common  fowl. 

Ohaervaiums  ujmi  Sheep, 

We  owe  to  the  kindness  of  two  friends  the  opportunity  of  obserniig 
many  castiated  sheep,  as  well  as  a  certain  number  of  others  on  which 
some  form  of  obliteration  of  the  vas  deferens  had  been  practised. 
Besides  the  horned  (Herdwick)  sheep  already  referred  to,  we  made 
observations  upon  the  hornless  Southdown,  in  which  the  results, 
though  less  striking,  are  none  the  less  constant. 

The  results  of  occlusion  of  the  vasa  deferentia  in  the  Herdwick 
breed  have  to  be  compared  with  those  following  castration,  and  both 
with  the  normal  standard.  Lambs  of  the  same  age  were  selected, 
and  the  procedures  mentioned  were  earned  out  at  about  the  same 
time. 

The  occlusion  of  the  vas  deferens  was  effected  a  short  way  above  the 
testicle  by  the  application  of  a  silk  ligature  in  two  places  and  di\isioii 
of  the  duct  between.  The  animals  were  examined  at  different  periods 
diu-ing  their  growth,  and  were  killed  when  fully  developed  at  ages  of 
from  10 — 14  months. 

In  those  (•(isiraUd  either  no  horns  appeared  externally,  and  on 
preparation  the  skull  exhibited  only  two  low  osseous  tubercles  or  horn- 
cores,  or  very  diminutive  horns  were  produced,  and  ]>eneath  them  a 
slightly  more  prominent  core  than  in  the  first  case. 

In  the  ewe  of  the  Herdwick  breed  there  is  no  external  trace  of  horn, 
nor  does  the  prepared  skull  show  any  osseous  core. 

As  contrasted  with  the  results  of  castration,  those  of  raaofomy  aj'e 
very  striking.  The  horns  attain  their  full  size,  and  the  skull  its 
complete  male  characters,  so  that  the  head  in  no  way  differs  from  that 
of  the  normal  or  intact  ram. 

The  form  of  the  skull  is  modified  l)y  castration,  not  by  double 
vasotomy,  the  modification  in  question  being  obviously  correlated  with 
the  absence  of  horns. 

The  skull  of  the  castrated  sheep,  or  wether,  is  less  rugged,  and  the 

bones  thinner,  but  besides  such  general  differences  the  plane  of  the 

OS  frontis  is  continued  backwards  l)ehind  the  orbits  at  a  very  obtuse 

angle. 

In  the  intact  ram,  and  equiilly  after  vasotomy,  the  plane  of   the 
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frontal  behind  the  orbit  lies  almost  at  a  right  angle  with  the  inter- 
orbital  portion  of  the  bone,  the  horn-cores  arising  from  the  upper  or 
horizontal  area. 

Although  the  skull  generally  is  thicker  in  either  case  than  in  the 
wether,  this  alone  does  not  account  for  the  difference  in  external 
form;  the  cranial  cavity  presents  a  corresponding  extension  in  the 
frontal  region. 

In  the  configuration  of  its  skull,  as  in  the  absence  of  horns,  the 
castrated  animal  precisely  resembles  the  hornless  ewe  of  the  breed. 

We  have  studied  the  effects  of  the  same  procedures  upon  sheep  of  a 
well-known  pedigree  Southdown  herd.  The  result  in  such  animals  is 
less  striking  than  in  the  Herdwick,  partly  l>ecause  each  sex  is  hornless, 
and  partly  Ixjcause  amongst  Southdowns  individual  variations  in  the . 
form  of  the  head  are  not  uncommon :  thus,  whilst  the  head  of  the 
wether  usually  offers  a  marked  contrast  to  that  of  the  ram,  in  certain 
cases  the  characters  of  the  two  so  nciirly  approximate  that  even  an 
expert  may  find  it  difficult  to  distinguish  between  them,  the  ram  under 
8udi  circumstances  being  commonly  called  "  wether-hwide^." 

In  the  Southdown  there  is  not  (iis  in  the  Herdwick)  any  marked 
difference  produced  by  castration  in  the  form  of  the  forehead,  the  angle 
'>etween  the  pre-  and  post-orbital  portions  of  the  frontal  bone  being 
equally  obtuse  in  the  vasotomised  sheep  and  the  wether,  and  this,  for 
the  reason  that  both  are  equally  destitute  of  horns. 

That  the  occlusion  of  the  vas  had  been  complete  in  all  the  cases 
obsen'ed,  was  proved  by  a  careful  dissection  of  the  testicles  after  the 
^'^nimals  were  killed. 

Seeing  that  the  full  development  of  male  characters  proceeds  in  spite 
of  double  vasotomy,  it  l)eeomes  interesting  to  inquire  into  the  condition 
>f  the  testicles  and  into  the  sexual  physiology  of  the  animals  themselves. 

To  take  the  latter  first.  A  Southdown,  the  subject  of  double 
vasotomy  when  a  lamb,  and  kept  apart  until  full  grown  from  any 
emale,  was  turned  loose  with  a  couple  of  maiden  ewes ;  he  at  once 
■opulated,  election  and  intromission  ])eing  complete.  The  two  ewes 
*^'ere  not  again  admitted  to  the  flock,  but  were  kept  apart,  with  the 
'esult  that  neither  afterwards  proved  to  he  in  lamb.  This  animal  was 
Ivilled  18  months  after  the  vasotomy.  The  testicles  had,  from  the  first, 
^rown  .symmetrically,  and  had  reached  the  normal  size ;  dissection 
''evealed  a  complete  interruption  of  each  vas  close  above  the  gland. 

In  certain  cases  one  of  the  testicles  underwent  a  marked  dimiinition, 
^t.,  it  not  merely  failed  to  grow  l>ut  rapidly  wasted.  In  the  other 
^■♦'ises  both  organs  attained  the  full  dimensions.  These  differences  are 
to  be  ascribed  to  difterences  in  the  condition  of  the  blood-supply ;  when 
the  vas  is  cleanly  isolated  and  divided  after  ligation  without  the 
"iclusion  of  vessels,  or  without  the  mihtiequGiit  occurrence  ol  l\vYom\^o^\^, 
^Ofitropby  of  the  gland  ensues.      When  atrophy  of  one  loAlid^  w.v\v^vi^, 
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the  other  suffices  singly  to  bring  al)out  the  full  development  of  the 
male  characters. 

A  Ciireful  dissection,  carried  out  in  all  the  cases  of  vasotomy  examined 
and  cited,  showed  that  the  vas  had  been  completely  occluded;  not 
only  was  its  continuity  interrupted,  but  the  noose  of  the  ligature  was 
demonstrated  on  the  end  of  each  segment  of  the  divided  duct.  The 
epididymis  after  occlusion  of  the  vas  may  become  notably  larger  than 
normal ;  this  is  especially  obvious  in  the  lower  end  or  globus  minor, 
and  is  to  be  ascribed  to  its  over-distention  with  the  secretion  trans- 
mitted from  the  body  of  the  gland. 

Microscopic  sections  of  the  testis  of  the  normal  adult  Herdwick 
sheep  and  of  that  from  the  vasotomised  animal  of  the  same  age  and 
killed  at  the  same  date,  show  similar  histological  pictures.  The  tubuli 
are  filled  with  epithelial  cells,  and  in  nearly  every  one  spermatogenesis 
is  in  progress.* 

Experiment  upon  Fowls. 

Even  still  inore  striking  are  the  results  of  double  vasotomy  in  the 
cockerel  of  the  common  fowl.  In  the  fully  grown  cock  the  exposure  of 
the  vasa  deferentia  and  their  ligation  is  not  particularly  difficult,  but 
in  the  young  bird  it  is  otherwise  ;  and  the  results  cited  are  limited  to 
those  cases  where  careful  dissection  afterwards  proved  that  this  difficult 
procedure  had  been  successfully  carried  out,  the  continuity  of  the  duct 
being  found  interrupted,  and  the  noose  of  the  ligature  discovered  at 
the  site  of  operation.  The  method  of  proceeding  was  as  follows  :— 
The  vas  is  exposed  is  its  course  over  the  kidney  by  a  curved  incision 
canied  through  the  lateral  wall  of  the  abdomen ;  the  duct  having  Ijeeii 
ligatui'cd  as  near  to  the  testicle  as  possible,  is  then  cut  across  a  short 
distance  below  the  ligated  spot,  no  ligature  being  placed  on  the  lower 
segment.  The  vas  of  the  othei*  side  is  afterwards  similarly  dealt  with 
through  a  second  incision  carried  through  the  corresponding  side  of  the 
abdomen.  Owing  to  the  difficulties  of  this  operation,  vasotomy  wiis 
in  some  eases  performed  on  one  side  only,  the  testicle  of  the  other 
being  removed.  The  anaesthetic  used  wjis  chloroform,  and  the 
material  of  the  ligatures,  silk. 

The  results  of  double  vasotomy,  or  of  one-sided  vasotomy  combined 
with  one-sided  cfustration,  are  in  all  cases  alike.  When  carried  out 
upon  the  young,  immature,  bird,  or  cockerel,  the  development  of  the 
male  characters  proceeds  without  any  notable  interruption,  and  reaches 
its  full  degree. 

The  birds  used  in  the  experiments  were  so  young  that  it  needed  an 

•  It  may  be  incidentally  remarked  that  wliilsb  in  the  t-astrated  lamb  the 
prostate  fails  to  grow,  in  those  eiibmittcd  to  vascctoDiy  tlie  f^land  eonies  to  equal  in 
i>izc  that  of  the  intact  ram.  Tlie  same  is  true  of  the  vesiculje  K^minales.  If  one 
t<^stiele  is  removed  and  the  vas  of  tlie  other  ligatured  and  rut  utross,  the  ]>ro9tate 
a/j(/  rtsJculw  acquire  the  full  size,  and  thi*  without  usyuiuiotry. 


1903.]       The  Acquirement  of  Secondary  Scximl  Characters,  '6^ 

expert  to  determine  their  sex  :  examination,  moreover,  of  the  testicles 
removed  from  cockerels  subjected  to  the  combined  castration-vasotomy 
just  referred  to,  as  well  as  of  those  removed  from  birds  of  the  same 
brood,  showed  that  no  spermatogenesis  had  arisen  at  the  age  selected 
for  operation.  We  may  adduce  examples  in  order  to  give  the  full 
grounds  for  the  general  statement  set  forth  with  regard  to  these 
experiments. 

Double  Vasotomy.  —  Impure  "Plymouth  Rock,"  7 — 8  weeks  old. 
Nine  months  after  the  operation  the  head  was  male  in  type ;  neck- 
hackles  well  developed ;  tail  beginning  to  assiune  male  characters ; 
spurs  indicated.  Twelve  months  after  the  date  of  operation  the  spurs 
were  stout,  though  short ;  head  thoroughly  male ;  neck-  and  saddle- 
hackles  moderately  well  developed ;  tail  short,  male  in  kind,  with 
sickle  feathers. 

The  bird  remained  in  the  same  condition,  and  was  killed  12  months 
after  the  date  of  the  operation.  At  the  autopsy,  the  testicles  were 
found  to  be  of  full  size  (about  that  of  a  pigeon's  egg),  and  in  their 
general  aspect  quite  normal.  In  connection  with  the  right  there  was  a 
spermatocele  about  as  large  as  a  haricot  bean ;  this,  on  being  punctured, 
gave  exit  to  a  whitish  fluid  which  microscopically  showed  numerous 
spermatozoa,  some  of  them  motile.  The  superior  segment  of  the 
divided  vas,  or  that  in  connection  with  the  testicle,  was  dilated ;  the 
upper  end  of  the  lower  segment  was  traceable  into  scar  tissue  in  which 
it  terminated.  On  the  left  side  there  was  no  spermatocele  in  connection 
with  the  gland,  but  the  tul>uli  of  the  epididymis  were  abnormally 
evident.  On  each  side  the  noose  of  the  silk  ligature  was  found  in  dtu 
on  the  upper  segment  of  the  vas,  above  the  level  of  the  lower  border 
of  the  testicle.  » 

As  a  second  instance  we  may  recount  the  following  : — 

Double  Vniiotomy. — "  Plymouth  Rock,"  about  8  weeks  old.  In  the 
summer  of  the  year  following  the  operation  the  head  and  neck-hackles 
were  typically  male,  saddle-hackles  fairly  so ;  tail  short,  carr^ied  almost 
vertically,  contained  a  number  of  short  curved  feathers ;  spurs  short 
and  stout.  In  the  wintei-  of  the  same  year  the  neck-  and  saddle- 
hackles  were  typically  male  ;  tail  short,  bushy,  feathers  curved  ;  spurs 
long  and  sharp.  The  bird  was  killed  in  the  spring  of  the  following 
year.  Dissection  showed  the  left  testicle  to  be  of  full  size,  4  cm.  in 
longer  diameter ;  in  connection  with  the  upper  end  of  the  epididymis 
is  a  retention  cyst  filled  with  white  secretion,  and  about  1  cm.  in 
diameter;  the  epididymis  is,  as  a  whole,  enlarged  from  distension. 
The  upper  end  of  the  lower  segment  of  the  vas  terminates  a  short 
distance  above  the  lower  border  of  the  testicle.  The  ligature  lies  in 
situ  on  the  end  of  the  epididymal  segment  of  the  vas,  which  is  separated 
by  a  distinct  interval  from  the  other. 

The  right  testicle  is  slightly  smaller  than  the  lell,  tXi^  e^\di\v\'^'«v:L^ 


distended,  and  the  continuity  of  the  vas  interrupted ;  the  ligature  lies 
in  .<iitu  on  the  lower  end  of  the  upper  segment  of  the  duct. 

As  an  example  showing  the  results  of  unilateral  vasotomy  combine<l 
with  unilateral  castration,  we  may  select  the  follo\nng  : — 

"Buff  Orpington,"  about  8  weeks  old.  Nine  months  after  the 
operation  the  bird  was  thoroughly  male,  the  comb  and  wattles  being 
well  developed,  as  well  as  the  neck-hackles  and  sickle-feathers  of  the  tail. 

Twelve  months  after  the  dat/e  of  operation  the  spiu^  were  sharp. 
On  being  put  with  a  hen  the  bird  immediately  copulated,  although  it 
had  had   no  previous  opportunity  of   approaching  one.      Eighteen 
months  after  the  operation  it  was  killed.      On    dissection  the  ri^t 
testicle  was  found  to  be  of   full  size,  about  3*5  cm.  in  the  longer 
diameter  ;  the  epididymis  was  slightly  distended.     A  scraping  from  the 
divided  body  of  the  gland  revealed  the  presence  of  spermatozoa.    The 
lower  segment  of  the  vas  was  found  to  taper  off  and  end  quite  dis- 
tinctly about  a  quarter  of  an  inch  below  the  level  of  the  testicle.    The 
noose  of  the  ligature  was  covered  with  a  thin  layer  of  connective 
tissue,  and  lay  on  the  posterior  surface  of  the  organ.     The  position  of 
the  ligature  may  be  explained  by  the  general  growth  of  the  gland; 
this  growth  would  naturally  lead  to  an  extension  in  all  directions,  and 
that  in  the  downward  direction  would,  relatively  to  the  testicle,  raise 
the  site  of  the   ligature.     On  the  left  side  no  trace  of  testicle  was 
found.    Microscopic  examination  of  the  body  of  the  testis  from  the  wise 
of  double  vasotomy  first  cited  shows  the  tubuli  to  be  full  of  cells,  and 
spermatogenesis  in  high  activity,  all   the  typical  histological  pictures 
being  present.     The  same  holds  true  of  the  right  testicle  from  the  case 
of  combined  yjisotomy  and  castration  last  detailed. 

These  results  offer  a  striking  contrast  to  those  following  a  double 
castration  when  carried  out  upon  the  immature  bird.  Double  castration 
was  performed  through  a  lateral  incision  on  each  side,  the  testicle 
being  exposed  to  view,  and  afterwards  carefully  disconnected  from  its 
attachments  with  fine  forceps,  and  withdrawn.  In  ideal  ex])eriments 
the  gland  was  withdrawn  entire  ;  in  others  ruptui'e  occurred  during 
the  process  of  detachment,  the  organ  being  then  removed  piecemeal. 

Be.mlts  of  inroinplric  rapimisftfion. — In  cei*tain  of  our  experiments  it 
happened  that  the  testicle  gave  way  during  its  detachment,  and  that 
minute  fragments  were  unintentionally  left  behind.  Sometimes  such 
remnants,  as  told  by  subsequent  dissection,  were  left  in  their  normal 
position ;  at  others  they  were  dislocated  and  transplanted  upon  the 
adjacent  viscera,  or  abdominal  wall.  Under  such  circumstances  the 
cockerel  assumed  in  different  degrees  the  character  of  the  male. 

The  actnal  number  of  gland  remnants  left  at  such  imperfect  opera- 

t/ons,  and  the  position  of  the  grafts  resulting  ivom  their  displacement, 

varied  considerably.      Thus,  in  one   case  the  i\\?.?>^tt\^x\   ol  \)ck^  l\A\^ 
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grown  bird,  which  had  been  castrated  when  from  6 — 8  weeks  old, 
showed  on  the  left  side  a  spherodial  mass  of  testicular  substance,  2  cm. 
in  diameter,  lying  in  front  of  the  upper  part  of  the  kidney,  and  into 
the  lower  end  of  which  the  vas  deferens  is  directly  traceable.  Hang, 
ing  in  the  mid  line  from  a  loose  "  mesorchium  "  is  a  spheroidal  graft 
1*5  cm.  in  diameter.  On  the  right  side  there  is  a  bi-lobed  mass  2*3  cm. 
in  the  chief  vertical  diameter,  with  the  lower  end  of  which  the  right  vas 
is  directly  connected ;  closely  adherent  to  the  front  of  the  upper  lobe 
of  this,  though  slightly  movable  over  it,  is  a  spheroidal  mass  0*6  cm. 
in  diameter.  A  further  oval  nodule  0*7  cm.  in  chief  diameter  is  closely 
adherent  to  the  surface  of  a  coil  of  the  small  intestine  in  the  neighbour- 
hood of  the  liver ;  a  scraping  from  this  graft  when  cut  through  in  the 
recent  state  showed  large  numbers  of  spermatozoa.  Lastly  there  is  a 
graft  of  about  the  same  dimensions  intimately  adherent  to  the  under 
surface  of  the  liver  itself.  The  external  characters  acquired  by  this 
bird  were  fully  male  throughout. 

It  may  be  remarked,  in  passing,  that  such  grafts  do  not  bear 
classifying  with  glandular  tumours  or  adenomata,  since  they  do  not 
grow  independently  of  the  general  requirements  of  the  body.  For  the 
whole  sum  of  a  series  of  such  grafts  and  hyperplastic  remnants  does 
not  exceed  the  volume  of  the  two  fully  developed  testicles.  In  this 
the  remnants  behave  like  those  of  thyroid  tissue  left  experimentally 
after  partial  excision  of  the  thyroid  gland ;  or  as  do  the  dormant 
accessory  thyroids  after  the  complete  removal  of  a  goitre,  when  the 
accessory  gland  after  attaining  a  certain  size  ceases  to  increase  further  • 
or  the  process,  again,  resem]>les  the  reproduction  and  hyperplasia  of 
hepatic  tissue  which  follows  partial  excision  of  the  liver,  of  a  fourth  or 
even  half  its  bulk.* 

In  the  most  peiiect  cases  of  reproduction,  each  gland  attains  its  full 
nomial  size.  A  bird  was  castrated  when  quite  young,  6 — 8  weeks 
old.  Six  months  later,  the  comb  and  wattles  presented  a  medium  degree 
of  development ;  the  spurs  were  very  small.  Nine  months  after  the  date 
of  operation,  the  spurs  were  still  small,  and  the  general  male  characters 
ill  developed.  Twelve  months  after  the  operation,  the  spurs  were  short 
l)Ut  stout.  Seventeen  months  after  the  operation,  the  com!)  and  wattles 
were  thoroughly  male,  the  neck- and  saddle-hackles  fully  developed,  and 
the  spui-s  long,  stout  and  sharp. 

The  bird  was  killed  21  months  after  the  date  of  the  operation,  liliich 
testis  was  found  to  be  of  normal  form  and  full  size ;  the  epididymis 
well  pronounced,  and  without  retention  cysts.  Each  vas  was  in  every 
respect  normal  and  filled  with  white  secretion,  which  microscopically 
showed  countless  actively  moving  spermatozoa.  The  history,  as  above 
given,  shows  a  marked  delay  in  the  development  of  the  male  characters, 

•  Ponfick,  '  Centralblatt  f.  Med.  Wis^../  1894  j  Von  Mcister,  *  Cev\lttt.\\AiwV11. 
Allg.  Patli.  und  Anat  Path,/  1891. 


56  Messrs.  S.  6.  Shattock  and  C.  6.  Seligniann.    [Dec.  14, 

and  indicates  that  these  deyelo^^  pari  passu  with  the  reproduction  of 
the  testicles,  until  they  ultimately  became  fully  pronounced. 

That  a  comparatively  small  volume  of  testicular  tissue  will  suffice  to 
bring  about  the  development  of  male  characters  appears  from  the 
following  result,  in  which  the  bird  grew  to  be  fully  male  with  the 
slight  exception  that  the  neck>hackles  were  somewhat  less  closely  set 
than  is  normally  the  case. 

"  Buff  Orpington,"  of  about  8  weeks,  at  which  time  double  castration 
was  performed.  Eight  months  after  the  operation,  the  comb  was  well 
developed  and  bright  in  colour ;  the  plumage  in  general,  somewhat  pale 
'  and  sparse;  neck-hackles  moderately  developed;  spurs  small. 
Eleven  months  after  the  operation,  the  comb  and  wattles  were  well 
developed;  neck-hackles  moderate;  saddle-hackles  fairly  male;  tail 
feathers  beginning  to  take  the  male  curve;  spui's  grown  to  the  normal 
male  extent. 

The  bird  was  killed  17  months  after  the  operation,  its  condi- 
tion being  ius  last  noted.  Dissection  shows  on  the  left  side  no 
trace  of  testicle  in  its  normal  position,  but  an  inch  and  a  half  lower 
down,  and  three  quarters  of  an  inch  anterior  tc  this  spot,  there  '\> 
an  oval  graft  ii'5  cm.  in  chief  diameter,  loosely  connected  with  the 
lateral  wall  of  the  abdomen.  Above  it,  separated  l>v  a  distance  of 
1*5  cm.  and  intimately  incorporated  with  the  i)eritoneum,  is  a  second 
graft  0*5  cm.  in  chief  diameter ;  and  behind  or  dorsally  to  this  i? » 
further  minute  nodule  0*2  cm.  in  dianietei',  and  likewise  inseparably 
adherent  to  the  peritoneum. 

The  vas  is  extremely  fine  and  traceable  to  the  vacant,  original,  site 
of  the  testicle.  On  the  right  side  in  the  situation  of  the  testis  thei'C 
are  two  small  flattened  nofliiles,  the  larger,  lower,  of  which,*  is  0*8  cm. 
in  chief,  vertical  diameter.  Into  the  lower  end  of  the  inferior  the  vas. 
diminished  in  size  and  empty  of  secretion,  is  directly  traceable.  A 
third  nodule  w^hich  lay  about  1  cm.  anteriorly  to  these  and  slightly 
lower  in  the  abdominal  cavity  was  removed  for  microscopic  purpose^ : 
scrapings  from  its  divided  sui-face  disclosed  the  presence  of 
spermatozoa. 

Histologically  the  largest  gi*aft  (that  on  the  left  side  of  the  alxlomen) 
shows  closely  applied  tubuli  of  full  size,  every  one  of  which  present.-i 
the  histological  pictures  typical  of  active  spermatogenesis.  The  Iiunei 
of  the  tubuli  contains  free  spermatozoa.  All  the  cell  nuclei  an 
throughout  perfectly  stained  with  nuclear  dyes,  proving  that  the  tissue 
is  living  and  not  in  an  obsolete  or  necrotic  condition.  The  amount  o 
inter-tubular  stroma  is  very  small,  and  supports  well  formed  arteriole 
and  other  vessels. 

The  much  grenter  size  of  the  dislocated  graft  on  the  left  side  of  th 
abdomen,  und  its  high  .state  of  activity,  suggest  x\\vvX.'\X  \^\\v<i^\\\^\f5vfc\M® 
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concerned  in  the  production  of  the  male  characters.  This  graft  is 
strictly  ductless,  and  is,  moreover,  entirely  disconnected  from  its  proper 
nervous  relations. 

But  much  smaller  grafts  than  any  of  these  may  be  met  with  in 
imperfect  castration,  and  in  such  circumstances  the  male  characters  are 
correspondingly  ill-pronoiuiced.  One  must  in  fact  regard  the  external 
character  of  maloness  as  a  quantity  which  varies  proportionally  with 
the  amount  of  gland-tissue  present.  As  an  example  of  a  minimal 
<levelopment  of  such  chanacters  associated  with  a  correspondingly  small 
amount  of  gland-tissue,  we  may  adduce  the  following  observation  : — 

A  cockerel  (impure  breed  of  Plymouth  Rock)  was  castrated  when 
about  6  weeks  old.  The  bird  was  killed  10  months  after  the  date  of 
the  operation,  when  it  exhibited  the  following  characters.  The  head 
presented  no  male  development  of  comb  or  wattles.  As  indications  of 
maleness,  however,  are  the  full  development  of  the  neck-hackles,  a 
certain  development  of  saddle-hackles,  the  presence  of  a  few  straggling 
badly  curved  feathers  amongth  those  of  the  tail,  and  the  growth  of 
short  blunt  spurs  on  the  legs.  It  may  be  noted  that  the  occurrence  of 
spurs  in  the  hens  of  this  breed  is  not  known,  except  in  the  case  of  old 
birds.  The  bird  took  no  notice  of  the  hens  with  which  ii  was  habitually 
kept. 

On  dissection,  no  trace  of  either  testicle  was  discovered  at  the  normal 
site,  and  no  graft,  with  the  exception  of  a  minute  nodule  the  size  of  a 
hempseed,  which  was  adherent  to  the  surface  of  one  of  the  coils  of 
intestine.  Microscopic  examination  of  this  minute  nodule  proved  it  to 
consist  throughout  of  testicular  tubuli  distended  with  epithelial  cells 
and  large  numbers  of  spermatozoa,  spermatogenesis  being  in  active 
progres.s. 

(yondimons. 

From  the  fact  that  in  the  young  of  the  Herdwick  sheep  and  fowl, 
occlusion  of  the  vasa  deferentia  does  not  inhibit  the  full  acquirement 
of  secondary  male  characters,  it  is  clear,  in  the  first  place,  that  the 
discharge  of  the  sperm  is  not  in  any  way  the  factor  responsible  for  the 
production  of  the  characters  referred  to. 

This  conclusion  admits  of  being  extended  to  mean  that  the  produc- 
tion of  secondary  characters  is  not  due  to  metabolic  changes  set  up  by 
a  nervous  reflex  arising  out  of  the  mere  physical  function  of  the  sexual 
mechanism.  This  is  made  still  more  forcible  by  the  results  of 
incomplete  capon  isation  in  those  cases  where  the  grafts  were  found  in 
situations  far  removed  from  the  normal,  and  altogether  disconnected 
from  the  nerve  supply  proper  to  the  testicle  in  its  natural  position  and 
connections. 

Such  grafts,  devoid  as  they  are  of  any  channels  communicating 
externally,  and  conaisting  hs  they  do,  of  tubuVv  otv\y,  *at^  V\\\\Vv^>j 
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ductless  glands,  and  the  metabolic  results  arising  from  their  funcdon 
must,  as  in  analogous  cases  elsewhere,  be  attributed  to  the  elaljoration 
of  an  internal  secretion  and  its  absorption  into  the  general  circulation. 

What  particular  cell  elements  are  concerned  in  the  production  oi 
such  a  secretion  cannot  as  yet  1>e  stated.  Various  possibilities  arise 
which  demand  the  test  of  further  experiment. 

The  function  of  spermatogenesis,  although  not  itself  the  whole  oi 
sufficient  cause,  may  be  the  initial  factor  of  a  dual  or  even  a  mort 
complex  process. 

It  is  quite  within  the  bounds  of  possibility  that  certain  of  the 
epithelial  cells  within  the  tUbuli  may  produce  a  pro-secrctin  such  as  U 
produced  within  the  intestii^al  epithelium ;  that  the  chemical  changes 
accompanying  spermatogenesis  in  other  of  the  cells  of  the  tubule  may 
lead  to  the  conversion  of  this  pro-secretin  into  a  secretin,  much  as  the 
acid  chyme  does  in  the  case  of  the  pro-secretin  present  in  the  intestinal 
cells ;  and  that  the  secretin  so  formed  may,  without  being  shed  into 
the  lumen  of  the  tubule,  be  transfeired  to  the  lymph  spaces,  and  thus 
eventually  reach  the  general  circulation,  and  incite  those  mctabolio 
changes  in  distant  jiarts  of  the  body  which  disclose  themselves  ^ 
secondaiy  sexual  chanicters.  The  intimate  connection  that  arises  in 
the  process  of  spermatogenesis  between  the  sperniatol)la.st8  and  the 
"  sustentacular "  cells  is  a  phenomenon  not  yet  exph'ined ;  thi?= 
phenomenon  possibly  coincides  with  the  interaction  suggested. 

In  regard  to  the  interstitial  cells  of  the  stroma,  they  have  character^ 
so  unmistakeably  glandular  that  some  secreting  function,  probably  a 
sexual  one,  mnst  be  assigned  to  them,  and  they  may,  of  course,  take .« 
pirt  in  the  elaboration  of  such  a  secretion  as  that  suggested. 

But  the  great  variation  in  the  proportion  of  such  cells  })reseiii 
in  different  foims  of  mammals  makes  it  difficult  to  fornudate  any 
hypothesis  to  test  by  way  of  experiment,  and  we  are  not  as  yet  in  ji 
position  to  make  any  statement  in  regard  to  them. 

We  have  to  acknowledge  our  indc])tedness  to  Mr.  CJeorge  Jonas,  ol 
Duxford,  for  much  technical  information ;  to  Mr.  Marcus  Van  liaalti 
for  generous  help  in  defraying  portion  of  the  expense  incuned  by  the 
work;  and  to  Mr.  C.  S.  Wallace,  Mr.  II.  J.  Marriage,  and  Dr.  H.  C 
Jonas,  for  assistance  in  various  ways  and  on  various  occasions. 

Preparations  illustrating  the  various  observations  referred  to  an 
now  in  the  museum  of  the  Koyal  College  of  Surgeons,  London. 
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•'  The  Morphology  of  the  Relrocalcarine  Kegioii  of  the  Cortex 
Cerebri."  By  G.  Eluot  Smith,  M.A.,  M.D.,  Fellow  of  St. 
John's  College,  Cambridge,  Professor  of  Anatomy,  Egyptian 
Government  School  of  Medicine,  Cairo.  Communicated  by 
Pi-ofessor  A.  Macalister,  F.RS.  Received  December  1, 
1903,— Read  January  28,  1904. 

Although  many  writers,  amongst  whom  Henschen,  Vialet  and 
Ramon  y  Cajal  may  be  specially  mentioned,  have  devoted  a  con- 
siderable amoimt  of  attention  to  the  study  of  the  white  streak  in  the 
occipital  cortex  cerebri,  which  Gennari  first  described  in  1776  Jis 
"  lincola  albidior  admodum  eleganter,"  no  one,  so  far  as  I  am  aware, 
has  ever  used  this  feature  as  a  guide  to  the  identification  of  homologous 
areas  and  sulci  in  difierent  brains.  On  the  contrary,  it  has  .been 
employed  as  evidence  that  the  furrows  on  the  surface  of  the  hemi- 
sphere have  no  value  for  the  orientation  of  physiological  areas,  seeing 
that  it  occupies  the  edges  of  two  adjoining  gyri  and  the  floor  of 
the  sulcus  between  them.*  In  this  preliminary  note  I  hope  to 
ilemonstrate  that  Gennari's  stria  is  a  sure  criterion  for  the  identifica- 
tion of  three  or  perhaps  four  sulci.  I  began  the  study  of  its  distribu- 
tion in  the  brain  of  Man  and  that  of  the  Apes  to  test  the  accuracy  of 
the  homology  which  I  had  suggested  l^etween  the  sulcus  occipitalis 
lunatus  (mihi)  in  the  former  and  the  so-called  "  Affenspalte  "  of  the 
latter. t  In  the  course  of  these  investigations  I  found  that  the 
stria-beiiring  cortex  (or  "  area  striata  occipitalis,"  as  it  may  be  called) 
presented  such  definite  relations  to  the  calcarine  sulcus  in  the  Human 
brain,  that  it  could  be  used  as  a  ready  and  sure  means  of  determining 
the  homologue  of  this  furrow  in  the  Apes  and  the  other  Mammalia. 

The  accompanying  diagram  of  the  mesial  surface  of  the  right 
occipital  region  of  the  biain  of  an  adult  male  Egyptian  Fellah  will 
make  this  relationship  clear.  The  drawing  is  schematic  in  as  much  as 
all  the  submerged  gyri  are  represented  as  though  they  were  exposed 
on  the  surface;  the  distrilmtion  of  the  stria  Gennari  is  shown  hy  the 
punctate  shading. 

The  furrow  commonly  known  as  the  **  fissura  calcariria "  consisted, 
in  this  case,  of  four  separate  elements,  of  which  the  most  anterior  one 
alone  was  strictly  entitled  to  Huxley's  term  **  sulcus  c^ilcarinus."  The 
other  three  furrows  (r^,  /  -  and  i^)  represent  the  sulcus  for  which  in  a 

•  Oscar  Vogt,  "Zur  auatomiHcheii  Grlicderuiig  des  Cortex  Cerebri,"  'Journal  i. 
Fsjcliologie  uud  Neurologie,'  vol.  2,  part  4,  1903,  p.  168;  sec  especially  Plate  11, 

fig.  1 

t  "  The  so-called  *  Affenspalte  '  in  tlie  Human  (Egyptian)  Brain  " '  Axv^\«\\\\*v\\^t 
Auzeiger,'  1903,  pp.  74  83. 
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previous  work  I  have  suggested  the  name  "  retrocalcarinus.*^  In  that 
memoir  I  have  emphasised  the  fundamental  distinction  between  the 
calcarine  and  the  retrocalcarine  sulci  and  have  discarded  the  customary 

Fie.  1. — Diagram  of  the  Mesial  Aspect  of  the  Ocoipital  Region  of  the  Bight 
Cerehral  Hemisphere  of  a  Male  Egjptian  Fellah.    The  area  striata  is  shaded. 


.U\CVS."pOT.  occ. 


SuJtc .  iMixoL  coXc . 
^  Su£c.  occpaxaatatf «• 


sbt  Greiuv 


Sulc  co({at.-- 


r'  =  Sulcus  retrocalearinu8  anterior  ;  ir  =  Sulcus  retrocalcariiiUH  intcrcalatut ; 
H  =  Sulcus  retrocalciirinus  Tcrticalis  ;  x  =  Sulcus  limituns  dorsalis  areac  striate  ; 
1/  —  Sulcus  limit ans  Ycutrulis  area>  striata.  The  fossa  parieto-occipitalis  consists 
of  the  dcpresHion  in  which  the  three  sulci — incisura  paricto-occipitalis,  sulcus 
para(*alcaritiU8,  and  sulcus  limituns  precunei — are  submerged. 


application  of  the  term  calcarine  to  the  latter  furrow,  which  shares  so 
few  features  in  common  with  the  former,  and  is  of  such  subsidiary 
importance.  The  distrilmtion  of  the  area  striata  indicates  the  same 
distinction  in  a  striking  manner.     For,  whereas  the  sulcus  calcarinus 

*  "On  the  Sdorpholofiv  of  the  Brum  intUe  ^a\s\w«\\a"  *\Aiv\i. Hoc.  Trans./ 
^d  Series,  Zoology,  vol  H,  1902.  p.  386. 
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represents  the  anterior  boundary  line  of  the  etriarbearing  cortex,  the 
sulcus  retrocalcarinus  lies  wholly  within  that  area  (fig.  1). 

If  a  section  be  made  through  any  part  of  the  true  calcarine  sulcus 
(except  its  extremities),  the  ventro-caudal  lip  of  the  furrow  \i'ill  be 
found  to  contain  the  stripe  of  Gennari,  which  stops  sharply  opposite 
the  bottom  of  the  sulcus  and  does  not  invade  its  dorso-cephalic  lip 
(fig.  1,  A).  I  have  demonstrated  this  relationship  in  a  large  series  of 
Egyptian  and  Soudanese  brains.  It  is  clear  that  the  true  calcarine 
sulcus  accurately  marks  the  line  of  separation  of  the  area  striata  and 
the  gyrus  fomicatus.  In  a  previous  work*  I  was  led  to  the  conclusion 
that  the  calcarine  sulcus  on  the  mesial  surface  and  the  suprasylvian 
sulcus  on  the  lateral  surface  of  the  cerebral  hemisphere  are  pro])ably 
due  to  some  causes  other  than  the  mere  general  expansion  of  the 
neopallium,  because  they  occur  with  such  remarkable  constancy  in 
the  most  diverselywspecialised  Mammalian  Orders,  in  which  the 
mechanical  conditions  moulding  the  growing  cortex  must  ])e  far 
from  uniform.  In  the  case  of  the  suprasylvian  sulcus  I  stated 
reasons  for  believing  (p.  410)  that  these  other  causes  were  to  be 
found  in  the  imequal  rates  of  growth  of  the  receptive  area  for 
auditory  impressions  and  a  more  dorsal  region  performing  some  other 
fiuiction. 

The  true  calcarine  sulcus  is  also  probably  the  result  of  the  dis- 
proportionate expansion  of  two  neighbouring  areas  of  different 
physiological  significance. 

If  we  admit  the  validity  of  the  teaching  of  Henschen,  Vialet  and 
others,!  who  regard  the  visual  centre  as  being  exactly  limited  to  the  region 
<li8tinguished  by  the  stripe  of  Gennari,  we  can  conclude  that  the  true 
calcarine  sulcus  is  caused  by  the  unequal  rates  of  growth  of  the  visual 
area  and  the  cortex  in  front  of  it,  which  performs  some  other  function. 

If  the  brain  of  any  large  Carnivore  or  Ungulate  be  examined  (in 
sections  either  of  the  fresh  brain  or  after  staining  according  to  Weigert's 
method),  the  area  striata  will  be  found  to  be  limited  anteriorly  on  the 
mesial  surface  of  the  hemisphere  by  the  retrosplenial  part  of  Kmeg's 
**  splenial  sulcus."  The  stria  extends  into  the  caudal  lip  of  the  sulcus 
and  ceases  abruptly  opposite  the  bottom  of  the  furrow.  This  affords  a 
striking  confirmation  of  the  view,  which  I  put  forward  last  year  J  on 
general  morphological  grounds,  that  the  retrosplenial  part  of  Krueg's 
splenial  sulcus  in  the  Ungulata,  Garnivora,  and  other  Mammalia  is  the 
strict  homologue  of  the  carcarine  sulcus  (in  the  restricted  sense  just 
explained)  of  the  Human  l)rain.§ 

•  Op.  eii.f  supra^  *  Linn.  Soc.  Trans.,'  1903. 

t  See  S.  E.  Henschen,  "Revue  Critique  de  la  J^octrine  sur  le  Centre  Cortical  de 
la  Vision,"  Xllle  Congr^s  International  de  Medicine,  p.  130,  Paris,  1900,  trans- 
lated by  Dr.  Dor. 

J  Op.  cit.j  Jtupra. 

S  Op.  cit.,  'Linn.  Soc.  Tnns./  1903,  p.  376  et  .seq. 
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If  a  section  be  made  through  any  part  of  the  retroealcarinc  suleus  (or 
sulci)  the  stria  Gennari  will  be  found  to  occupy  both  lips  of  the  fiurow 
(fig.  I  B).  Moreover,  it  extends  upward  for  a  short  distance  into  the 
cuneus  and  downward  for  a  similar  extent  into  the  gynis  linguahs. 
It  sometimes  happens  (as  in  the  specimen  which  I  have  represented  in 
fig.  1)  that  superior  {j:)  and  inferior  (//)  limiting  furrows  of  this  area 
striata  make  their  appearance.  When  the  posterior  end  of  the 
retrocalcarine  sulcus  is  bifid,  or  when  it  is  represented  by  a  separate 
vertical  furrow  (fig.  1,  r*),  the  area  striata  becomes  extended  so 
as  to  completely  surround  the  depression.  In  some  cases  the 
retrocalcarine  sulcus  may  be  placed  close  to  the  superior  margin  of 
the  hemisphere;  its  anterior  part  may  be  less  than  I  cm.  distant 
from  the  fossa  par ieto-occipi talis,  in  fact,  this  sulcus  or  its  separate 
constituents  may  occupy  in  different  human  hemispheres  any  position 
within  the  triangle  1)oiuided  below  by  the  tentorial  margin,  above 
by  the  dorsal  edge,  and  in  front  by  the  fossa  parieto-occipitalis.  But 
wherever  this  retrocalcarine  sulcus  or  any  of  its  sub-di\Tsions  may 
happen. to  be  placed,  it  will  be  found  to  be  invariably  vAthin  the  area 
atiiata.  The  obvious  inference  is  that  the  sulcus  retrocalcarinus  is 
produced  by  the  folding  of  the  visual  cortex  itself.  The  variability  of 
its  form  and  constitution  points  to  the  conclusion  that  it  is  the  result 
of  the  mechanical  conditions  to  which  a  limited  cortic^il  area  must  he 
subjected  when  it  begins  to  expand. 

In  his  great  monograph  on  the  **  Surface  Anatomy  of  the  Cerel)ral 
Hemispheres,"*  Cunningham  has  expressed  the  opinion  that  there  is 
no  "  posterior  calcarine  fissure  "  (sulcus  retrocalcarinus  mihi)  in  the 
Apes,  the  so-called  "  calcarine  fissure  "  being  the  representative  of  the 
"stem"  only  (i.f.,  the  sulcus  calcarinus  mihi)  of  the  Human  brain 
(p.  42).  I  have  already  strongly  opposed  this  interpretation  on  general 
morphological  grounds,  l)ecause  the  retrocalcarine  sulcus  of  the  Human 
brain  is  often  apparently  formed  hy  the  backward  prolongation  of 
the  true  calcarine  sulcus,  as  Gustaf  Retzins  hiis  demonstrated.! 
The  distribution  of  the  area  striata  in  the  Apes  enables  us  to 
settle  this  matter  decisively.  I  have  examined  sections  of  more 
than  50  hemispheres  of  the  genera  Celm^,  Ceixapifhecus,  Macacus,  Papio, 
Ci/nopiflifu'u.%  Sefmicrpithecu.'iy  Ht/lobate.<i  and  Simia  to  determine  the 
distribution  of  the  stria  Gennari,  and  have  found  that  it  occupies  both 
Hps  of  the  greater  portion  of  the  sulcus  commonly  called  calcarine. 
This  shows  that  the  greater  part  of  this  furrow  represents  the  suleus 
retrocalcarinus  of  the  Human  brain. 

The  examination  of  foetal  brains  of  SemnojHfhfCus  seems  to  indicate 
that  the  retrocalcarine  sulcus  is  very  precocious  in  those  brains  in 
which   the   area   striata   is   of  great   extent.     It    may   develop   eon- 

*  •  Ro^al  Irish  Academr  Moinoirs,'  1892. 
t  '  Das  Mcnsclienhriii,'  1896. 
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temporaneously  with  or  perhaps  even  before  the  true  calcariiie  suIciks, 
or,  as  seems  to  be  the  commonest  method,  in  most  Apes  (certainly  in 
H^obatfs)  one  great  fossa  develops  as  the  representative  of  the  con- 
joint calcarine  and  retrocalcarine  sulci.  It  is  certain  that  the  mere 
chronological  order  in  which  sulci  develop  in  different  brains  is  of 
little  value  in  the  identification  of  their  homologies,  so  that  we  cannot 
place  such  implicit  reliance  on  this  method  as  Cunningham*  seems  to 
do  when  he  regards  it  as  the  basis  on  which  the  accurate  comparison 
of  the  sulci  in  the  Human  and  Simian  brain  must  rest. 

In  many  Apes  the  area  striata,  which  forms  the  walls  of  the  retro- 
calcarine sulcus,  may  not  reach  the  siu'face  of  the  cuneus  or  the 
lingual  gyrus. 

In  the  brains  of  certain  large  Ungulates  and  Carnivores  there  is  n 
furrow  behind  the  calcarine  (splenial)  sidcus,  which  occupies  a  position 
analogous  to  that  of  the  retrocalcarine  in  the  Primates.  In  the  c.i.se 
of  the  Gamel's  brain,  I  suggested  the  definite  homology  of  this  furrow 
with  the  pnmate  retrocalcarine.!  In  a  series  of  hemispheres  of 
Camebis  dromedariunj  I  have  found  that  the  distribution  of  the  area 
striata  closely  follows  this  sulcus.  When,  as  often  hap2)ens,  this 
retrocalcarine  sulcus  bends  upward  to  the  doiso-caudal  angle  of  the 
mesial  surface,  the  stria-l>earing  cortex  has  a  similar  peculiar  distribu- 
tion. This  places  beyond  all  doubt  the  question  of  the  identity  of  the 
retrocalcarine  sulci  in  the  camel  and  the  primates. 

It  has  been  stated  by  HenschenJ  that  the  stripe  of  Gennari  docs 
not  extend  on  to  the  lateral  aspect  of  the  Human  brain.  This 
is  true  in  some,  but  by  no  means  ail,  cases.  The  exact  extent  of 
the  caudal  prolongation  of  the  stria  is  subject  to  a  wide  ranico 
of  variation.  As  the  area  striata  is  traced  backward  alongside  the 
sulcus  retrocalcarinus,  it  will  be  found  to  expand  ne^u*  the  caudal 
pole^of  the  hemisphere  (fig.  1),  but  in  some  cases  it  does  not  reach 
the  true  lateral  aspect.  In  more  than  half  of  the  specimens  whicli 
I^have  examined,  however,  it  does  extend  on  to  the  lateral  surface 
(fig.  2)  and  reaches  almost  (in  some  cases  quite)  as  far  forward  as  the 
sulcus  occipitalis  lunatus  (or  "  Aft'enspaltc  ").  I  have  chosen  to  repie- 
f?ent  {vs  fig.  2  a  case  in  which  the  sulcus  lunatns  is  j)laLed  fai*  back, 
1>ecause  this  presumably  ])resents  the  nearest  resemblance  lo  the 
common  Eiu*opean  type  of  brain.  But  it  often  hajjpens  in  the 
Egyptian  brain  that  a  large  occipital  operculum  is  present,  as  in 
the  Apes,  and  in  these  cases  the  stria  Ciennari  is  prolonged  far  forward 
on  the  lateral  aspect  into  the  operculum. 

It  has  been  known  for  many  years  that  the  stria  extends  into  the 
occipital  operculum  in  the  Apes,  but  I  have  l)een  unable  to  find  any 

•  Op.  cit.f  p.  vi. 

t  <Jp.  cif.,  *Linn.  Soc.  Tniii:*./  j).  ;}sl»,  jlir,  ^^5. 
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reference  to  a  more  detailed  account  of  its  distribution.  In  nuMt  oi 
the  brains  of  Apes  that  I  have  examined,  the  area  striata  extendad 
forward  on  the  surface  of  the  operculum,  but  often  failed  to  readi 
as  far  as  its  anterior  free  margin ;  in  some  cases  it  ceased  abruptly 
at  a  point  4  or  5  mm.  behind  the  edge  of  the  operculum.  In  the 
Cercopithecidie  (in  which  the  operculum  is  relatively  biggest)  the  stria 
Gennari  extended  upward  as  far  as  the  doreo-mesial  edge  of  the 
hemisphere,  and  laterally  (or  ventrally)  as  far  as  the  sulcus  occipitalis 
inferior.     The  sulcus  occipitalis  superior  lies  in  the  midst  of  the  are$\ 


Fig.  2.- 


-Uorixontal  Station  through  the  Posterior  Part  of  the  right  Cerebral 
Hemispliere  of  an  JEgypUan. 


/•  =  Suk'UM  rrtrot-alearinus. 

The  thick  line  rcprcsouts  the  stria  Gennari.     It  is  quite  exceptional  for  the  sulcus 
collat<*ruliB  to  be  prolonged  int^)  the  area  striata  as  in  this  diagnnn. 


striata.  Thus,  if  the  whole  stria-bearing  cortical  region  were  sprciul 
out  in  one  plane,  it  would  present  a  racquet-like  shape — the  handle  of 
the  racquet  corresponding  to  the  retrocalcarine  cortex  and  the 
expanded  part  to  the  occipital  opercuhmi.  In  the  Human  brain  the 
**  handle  of  the  racquet  "  becomes  greatly  ejilarged  at  the  ex[jense  of 
the  rest  of  the  area  striata.  But  its  form  is  subject  to  a  very  wide 
range  of  variation,  which  I  shall  describe  in  detail  in  a  forthcoming 
memoir. 

[^Addendum,  January  11. — The  so-called  **calcarine  fissure"  in  the 

Apes  is  a  complete  involution  of  the   ichok  of  the  mesial  part  of  the 

^rea  stn'atn.     The  so-called   *'calcariue  Wabuvo"   i^ol  xwcjeX,  \NYvt<ivs)  iu 
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die  Hnman  bndn  usually  consists  of  an  anterior  part,  which  is  an 
interior  limiting  sulcus  of  the  area  striata,  and  a  posterior  part,  which 
ii  a  mere  indentation  (or  indentations)  of  part  of  the  inesial  area 
striata,  therefore  it  is  not  exact  to  speak  of  these  similarly  named 
fam>ws  as  being  strictly  homologous.] 


"On  the  Acoustic  Shadow  of  a  Sphere."  By  Lord  Rayleigh, 
O.M.,  F.RS.  With  an  Appendix,  giving  the  Values  of 
L^endre's  Functions  from  P^  to  P^q  at  Intervals  of  Five 
Decrees.  By  Professor  A  Lodge.  Received  December  28, 
1903,— Read  January  21, 1904. 

(Abstract.) 

The  problem  here  considered  is  that  of  the  intensity  of  sound  at  the 

Various  points  of  a  rigid  and   fixed   sphere  on  which   plane  waves 

impinge,  or  reciprocally  the  intensity  at  a  distance  in  various  directions 

due  to  a  source  of  sound  situate  upon  the  surface  of  the  sphere.     The 

analytical  solution  is  readily  given,  but  in  the  interpretation  everything 

depends  upon  the  ratio  of  the  wave-length  {2Tr jk)  to  the  circumference 

(2t(;).     li  kche  small,  the  sphere  has  little  effect.     In  my  book  on  the 

"Theory  of  Sound,"  §  328,  I  have  considered  (but  only  for  certain 

special  directions)   the  case  of  ^  =  2.      The  extension   to  various 

(iirections  is  now  given ;  and  the  calculation  is  pushed  to  the  case  of 

^  =  10,  about  as  far  as  is  practicable.     For  this  purpose  the  values  of 

Legendre's  Functions  up  to  P20  are  required. 

kc  -  10. 


9. 

0  

4(F5  +  0»). 
3*8300 

105  

120  

4(F'  +  G). 
1-06117 

15  

3-8176 

0-56815 

30 

3-7148 

135 

0-27890 

45  

3-4978 

31098 

150  

0-13338 

60  

165  

0-09492 

75  

2-4984 

170  

0-12591 

90  

1-7510 

175  

0-69395 

180     1-09263 

The  table  gives  the  intensity  in  directions  making  angles  0  \nth 
the  radius  which  passes  through  the  source.     On  the  same  scale  the 
intensity   would    be   unity  were   the    sphere    removed.      The   most 
interesting  feature  is  the  existence  of  a  fairly  good  shadow  \)ew^^iv 
135'  and  J  TO",  and  the  subsequent  rise  of  intensity  in  the  ne\g)ibo\Mi\iOOvi 
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of  180*.  This  oorrespondfl  in  some  degree  with  the  bright  spot  in  the 
centre  of  the  optical  shadow  of  a  circular  disc. 

The  problem  which  arises  when  both  the  source  and  the  point  oC 
observation  are  situated  upon  the  sphere  is  more  difficult.  It  ii 
treated  less  completely,  but  some  results  of  interest  are  obtained  for 
the  case  of  kc  =  10. 

The  Appendix  by  Professor  A.  Lodge  contains  tables  of  Legendre'i 
Functions  up  u>  P20  for  angles  ranging  at  intervals  of  5%  accom- 
panied by  a  statement  of  the  method  of  calculation.  It  is  believed 
that  these  values  may  prove  useful  in  other  physical  investigations. 


**  The  Significance  of  the  Zoological  Distribution,  the  Nature  of 
the  Mitoses,  and  the  Transmissibility  of  Cancer."  By  E  F. 
Bashford,  M.D.,  and  J.  A.  Murkay,  M.B.,  B.Sc  Communi- 
cated by  Profeesor  J.  Rose  Bradford,  F.RS.  Eeceived 
January  12, — Read  January  21,  1904. 

[Plate  2.] 

The  object  of  this  communication  is  to  relate  some  results  of 
the  work  conducted  under  the  immediate  direction  of  the  Executive 
Committee  of  the  Cancer  Research  Fund  during  the  past  year.  We 
believe  that  these  results  will  convince  others  of  the  important 
practical  assistance  which  biologists  generally  can  give  in  the  further 
elucidation  of  certain  problems  of  cancer  which  must  be  settled  before 
preventive  and  curative  measures  can  be  devised.  It  will  also  be 
made  evident  that  the  elucidation  of  cancer  is  something  more  than  a 
problem  of  human  pathology. 

We  shall  adduce  evidence  tending  to  show  that  the  wide  zoological 
distribution,  the  character  of  the  mitoses,  and  the  transmissibOity  of 
cancer,  are  nearly  related  phenomena  with  a  common  basis. 

The  fundamental  significance  of  ascertaining  the  extent  of  the 
zoological  distribution  of  cancer  was  recognised  by  the  Cancer  Research 
Fund  from  the  first,  and  determined  the  prosecution  of  definite  lines  of 
inquiry,  not  only  with  the  object  of  eliciting  new  facts  in  regard  to 
the  zoological  distribution  itself,  but  also  with  the  object  of  dis- 
covering cancer  in  animab  well  adapted  to  cytological  and  experi- 
mental observations. 

Zoological  Distribution, 

Within  the  past  year  specimens  of  malignant  new  growths  have 
accumulated  frow  nil  the  domesticated  amma\«  wvd  Itotcl  tqaxv^  ^W 
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Tertebrates.  The  appended  List  shows  the  abundance  of  the  material 
which  has  thus  been  examined.  The  List  includes  also  specimens  which 
we  have  been  privileged  to  examine  through  the  courtesy  of  investi- 
gators abroad,  who,  subsequently  to  the  inauguration  of  the  Cancer 
Research  Fund,  have  published  descriptions  of  malignant  tmnours  in 
the  lower  vertebrates.  It  is  noteworthy  that  such  growths  have  been 
obtained,  not  only  in  domestic  animals,  but  also  in  animals  living  in  a 
state  of  nature  :  wild  mouse,  codfish,  gurnard. 

The  clinical,  pathological,  anatomical,  and  microscopical  characters 
of  these  new  growths  are  identical  with  those  found  in  man  in  all 
essential  features,  although  the  animals  themselves  are  drawn  from  the 
liferent  classes  of  the  vertebrate  phylum.  A  detailed  histological 
description  of  the  various  tumours  examined  will  not  be  attempted 
here.  Only  the  general  significance  of  the  observations  in  relation  to 
the  inddence  of  cancer  in  man  will  be  emphasised. 

The  great  diversity  of  the  habitat,  food,  and  conditions  of  life 
generally  of  the  forms  in  which  malignant  new  growths  occur  relegates 
soch  external  conditions  to  a  subsidiary  rdk  in  determining  the  inci- 
dence of  the  disease,  and  shows  that  the  essential  factors  must  be 
sought  in  the  potentialities  which  reside  in  the  cells  constituting  the 
living  body. 

The  list  of  specimens,  while  giving  no  safe  basis  of  deduction  as  to 
the  relative  incidence  of  cancer  in  the  different  classes  of  vertebrates, 
or  of  the  comparative  susceptibility  of  the  different  sites  of  the  body, 
is  extremely  suggestive. 

The  large  number  of  epitheliomata  obtained  in  the  horse  and  dog 
indicates  very  clearly  that  malignant  new  growths  are  recognised 
according  to  the  ease  with  which  animals  can  be  examined,  and  the 
length  of  time  they  are  kept  under  observation.  In  the  same  way, 
numerous  malignant  new  growths  have  been  discovered  in  the  internal 
organs  of  cows  during  the  inspection  at  abattoirs. 

Stated  generally,  it  may  bo  said  that  malignant  new  growths  are 
known  to  occur  chiefly  in  animals  which  are  habitually  examined  with 
care,  and  are  unrecorded  in  forms  which  are  diflicult  to  examine  or  do 
not  reach  old  age  in  considerable  numbers. 

The  figures  are  not  sufficiently  extensive  to  determine  accurately 
the  age  incidence  of  the  various  types  of  new  growths  in  different 
animals,  but  a  relatively  higher  incidence  in  old  age  is  apparent. 

The  Pheiumiena  of  Cell-division  in  Malignant  New  Growths. 

The  progressive  increase  in  size  of  malignant  tumours  is  due  to  the 
division  and  increase  in  size  of  their  constituent  cells.     The  process  ol 
cell-division  is  uaualljr  indirect,  mitotic  division  of  the  nwdei  ipieceditv^ 
^he  division  of  the  protoplasm.     The  protoplasm  division  ia  lT^(\amtVj 

¥  1 
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omitted,  and  multi-nucleated  cells  are  formed,  and  these  may  subse- 
quently enter  on  mitosis,  giving  rise  to  pluripolar  figures.  AmitosiB 
or  direct  nuclear  division  also  occurs,  but  its  full  significance  has  not 
yet  been  determined.  It  is,  however,  evident  that  the  occurrence  of 
amitosis  does  not  signify  degeneration.  The  amount  of  chromatin 
entering  into  the  equatorial  plate  of  the  mitoses  of  malignant  new 
growths  had  long  been  recognised  as  subject  to  variation  (hyper- 
chromatosis,  hypochromatosis,  of  von  Hausemann,  1893),  but  a  new  hght 
has  been  thrown  on  this  phenomenon  by  a  paper  communicated  to 
the  Eoyal  Society  on  December  10,  1903,  by  J.  B.  Farmer,  F.RS., 
J.  E.  S.  Moore,  F.L.S.,  and  C.  E.  Walker,  entitled  "  Resemblances 
exhibited  between  the  Cells  of  Malignant  Growths  in  Man  and  those 
of  Normal  Reproductive  Tissues." 

These  observers  found  that  while  the  growing  margin  of  carcinomata 
and  sarcomata  presented  mitoses  similar  to  those  found  in  other 
tissues  in  repair  and  inflammation,  certain  cells  in  the  deeper  layers, 
after  a  slight  increase  in  size,  entered  on  mitosis  with  ring  chromo- 
somes similar  to  those  found  in  the  heterotjrpe  division  of  spore 
mother-cells  of  plants  and  spermatocytes  of  animals,  and  like  these, 
with  chromosomes  in  niunber  only  half  that  characteristic  of  the 
mitoses  of  somatic  cells.  Mitoses  similar  in  character  to  the  somatic 
divisions,  but  with  reduced  number  of  chromosomes,  were  also  seen 
(homotype),  corresponding  to  the  divisions  in  the  sexual  generation  of 
plants  and  the  second  ripening  divisions  of  animals.  From  these 
observations  the  authors  concluded  that  malignant  new  growths  were 
virtually  reproductive  tissue  arising  in  abnormal  situations  and 
possessed  of  an  independence  and  power  of  growth  like  that  of  the 
testis  in  the  mammalian  body. 

This  striking  sequence  of  characteristic  mitoses  had  been  found  in 
all  malignant  tumours  examined,  and  was  absent  in  those  of  benign 
character.  We  at  once  determined  to  communicate  with  the  authors, 
who  with  great  courtesy  aflforded  us  an  early  opportunity  to  examine 
their  preparations.  It  was  then  decided  to  determine  how  far 
similar  phenomena  were  characteristic  of  the  malignant  new  growths 
occurring  in  animals.  The  result  has  been  a  complete  confirmation 
of  Farmer,  Moore,  and  Walker's  observations  in  tumours  from  the 
trout  (Mr.  Gilruth's  and  Miss  Plehn's  cases  of  adeno-carcinoma),  the 
mouse  (two  cases  of  adeno-carcinoma,  Jensen's  epithelioma),  and 
the  dog  (mixed  cell  sarcoma,  round  cell  sarcoma,  squamous  cell 
carcinoma).  In  the  columnar  cell  carcinoma  of  the  trout  the 
phenomena  were  especially  distinct,  the  small  number  of  chromo- 
somes*  (24,    12),   the   striking  contrast    between   the  long    slender 

*  The  achromatic  figure  has  always  been  carefully  studied  as  a  control  to  the 
obserrations  made  on  the  chromatin  of  the  mitosis.  When  the  chromosomes 
//are  been  counted,  this  has  been  done  on  Sections  5 — 10  fi  thick,  mounted  in  series. 
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chromosomeB  of  the  somatic  mitoses,  and  the  rings  of  the  heterotype 
divisiony  being  of  diagrammatic  clearness.  Homotype  mitoses 
occurred,  but  were  very  few  in  number.  Mitoses  in  the  stroma 
are  relatively  scanty  in  the  tumours  at  our  disposal,  but  such  as  have 


Fig.   1. — ^Adeno-caroinoma  of    Troat.    Fig.  2.— Epithelioma  of  Mouse.  Somatic 
Homotype    amphiatter.      Bednoed  prophase  and  amphiaster. 

number  of  chromoeomee,  ananged 
tnuMTenely  in  spindle,  and  showing 
longitudinal  splitting. 


Fig.  3. — Epithelioma  of  Mouse.     Heterotype  mitosis,  late  prophase. 
King  loop  and  biTalent  chromosomes. 

been  seen  are  somatic  in  character.  Farmer,  Moore,  and  Walker 
record  a  similar  result.  In  the  mouse  it  has  been  possible  to  compare 
the  mitoses  in  the  testis,  and  those  occurring  in  the  irritation 
produced  by  iodine,  with  the  result  that  the  significance  of  the 
mitoses  in  cancer  haa  been  further  confirmed. 
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The  following  points- are  of  great  importance  in  these  observations. 
A  complicated  sequence  of  cell-changes  has  been  foxmd  to  be  chara^ 
teristic  of  carcinoma  and  sarcoma  alike.  This  sequence  is  the  same 
as  that  which  initiates  the  origin  of  the  sexual  generation  in  plants 
from  the  asexual,  and  is  terminal  in  the  history  of  the  sexual  celk  In 
animals.  It  must  be  noted  also  that  all  the  cells  of  the  malignant 
new  growths  do  not  undergo  the  reducing  division,  a  certain  number 
differentiate  in  the  direction  of  the  tissue  among  which  thejr 
have  arisen,  and  in  the  secondary  growths  when  present,  somatic 
mitoses  occur  in  the  growing  margin,  which  it  will  subsequently  be 
shown  is  also  a  feature  in  the  growth  of  cancer  when  transferred  to  a 
new  host. 


Fig.  4. —  Heterotvpe  ainphiaster,  cliromo- 
Bomes  arranged  longitudinally  on 
spindle.  Reduced  number.  All  the 
cliroinosonies  are  not  figured. 


Fig.  5. — Heterotype  ainphiast«r.  Ring 
ehromosomeSf  12  in  number.  Adeno- 
carcinoma of  Mouse.  (Tlie  nucleus 
yKSi»  contained  in  two  consecutiTe 
sections). 


Th'  Traniiinl<iiUdlity  of  Maliffnuni  New  GrowtJisfrom  onr.  Animal  to 

Another, 

The  transmission  of  cancer  from  man  to  animals,  or  from  one 
animal  to  another  of  different  species,  has  never  been  successfully 
performed.  Successful  transplantation  experiments  have  been  made, 
however,  from  animals  suffering  from  malignant  new  growths  to 
others  of  the  same  species.  The  most  exhaustive  observations  in  this 
connection  have  been  made  by  Jensen  and  Borrol  on  mice.  Professor 
C.  O.  Jensen,  of  Copenhagen,  most  generously  placed  at  the  disposal  of 
the  Cancer  Research  Fund  a  portion  of  one  of  his  experimental 
tumours,*  and  with  this,  and  another  tumour  occurring  naturally  in  a 
tame  mouse,  similar  experiments  have  been  performed.  We  have 
thus  been  able  to  confirm  Jensen's  observations  by  microscopical 
examination  of  the  tissues  at  the  site  of  inoculation  at  short  intervals, 
and  have  foimd  that  the  new  tumours  which  develop  anse  from  the 
actual  cells  introduced.     While    many   of  these  degenerate,  a  few 

•  Sent  bv  post  under  such  precautions  as  to  preserre  sterility.  TTio  trans- 
plantations  were  cfTected  by  the  Cancer  RescarcYi  Yund  ftv©  days  after  the  tumour 
fraa  posted  in  Copenhagen, 
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in  of  normal  appearance,  and  these  gradually  increase  in  number. 
e  earliest  transplantations  mitotic  division  is  absent,  and  it  is  not 
ter,  when  a  considerable  mass  has  arisen,  that  mitoses  appear.  The 
Bt  mitoses  we  have  been  able  to  observe  have  been  of  the  somatic 

uisplantation  is,  in  fact,  identical  with  the  process  of  metastasis 
Kcurs  in  the  individual  providing  the  tumour.  It  is  remarkable, 
reTy  that  the  tumour  of  Jensen's  experiments  does  not  produco 
itases  naturally,  and  its  malignancy  is  only  evidenced  by  its 
essive  growth,  and  the  undifferentiated  character  of  the  cells. 
)rocess  is  in  no  sense  an  infection,  the  tissues  of  the  new  host  not 
dpating  in  the  formation  of  the  new  parenchyma.  In  this 
)retation  we  are  in  agreement  with  Jensen  and  differ  from 
1,  who  conceives  the  results  to  be  due  to  the  agency  of  a  virus 
eux, 

e  origin  of  the  stroma  has  not  been  accurately  determined.  The 
r  of  growth  of  this  tumour  is  remarkable.  In  every  mouse 
lich  the  transplantation  succeeds,  the  new  growth  may  attain  a 
It  equal  to  that  of  the  animal  itself,  and  over  400  such  trans- 
3ns  have  been  effected  by  Jensen  in  Copenhagen  and  the  Cancer 
irch  Fund  in  London.  A  mass  of  tumour,  16  lbs.  in  weight,  has 
actually  arisen  from  the  original  one,  and  that  without  participa 
of  the  cells  of  the  various  hosts  and  without  manifest  change 
ructure.  This  great  power  of  growth  is  a  phenomenon  un- 
leled  in  the  mammalia,  and  indicates  the  potentialities  in  cases 
lich  widespread  dissemination  has  occurred  before  death  in  a 
n  patient. 

e  experimental  transmission  of  carcinoma  shows  that  we  must 
iguish  between  the  problem  of  the  genesis  of  a  malignant  new 
th,  and  that  of  the  conditions  which  permit  of  its  continued 
jnce.  While  the  conditions  leading  to  the  initiation  of  malignant 
urs  are  relatively  infrequent,  we  have  examined  upwards  of 
tame  mice,  and  have  discovered  two  with  cancer ;  once  begun, 
)roliferative  activity  can,  under  favourable  conditions,  persist  for 
g  time  unaltered,  and  can  give  rise  to  masses  of  tissue  of  great 
having  no  relation  to  the  restrictions  which  limit  the  growth 
ult  organisms  in  a  large  proportion  of  healthy  animals. 
e  phenomena  of  cell  division,  indicating  a  similarity  to  the 
al  reproductive  tissues,  may  help  to  explain  the  nature  of  this 
power  of  multiplication,  but  leave  the  problem  of  cancer  genesis 
ically  untouched.  They  give,  however,  important  indications  of 
haracter  of  the  processes  on  whose  elucidation  the  solution  of  the 
iion  depends.  The  wide  zoological  distribution  of  malignant  new 
ths — its  limits  are  not  yet  determined — indicates  that  the  cause 
mcer  is  to  be  sought  in  a  disturbance  of  tYioae  p\vetvoTsv«i\»*  ^^ 
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reproduction  and  cell-life,  which  are  common  to  the  forms  in  which  it 
occurs. 

Our  obeervations  on  animals  show  that  malignant  new  growths  are 
always  local  in  origin  and  of  themselves  produce  no  evident  constitu- 
tional disturbances  whatsoever.  These  facts  are  in  fuU  accord  with 
accumulated  clinical  experience  in  man.  In  connection  with  diagnosis 
and  statistics  we  have  already  emphasised  the  importance  of  the 
absence  of  specific  symptoms.  The  evidence  we  have  advanced  that 
cancer  is  an  irregular  and  localised  manifestation  of  a  process,  other- 
wise natural  to  the  life-cycle  of  all  organisms,  probably  explains  why 
it  is  that  malignant  new  growths  and  their  extensive  secondary 
deposits,  qud  cancer,  are  devoid  of  a  specific  symptomatology. 

We  desire  to  add  the  accompanying  dated  note  because  we  find  that 
conclusions  which  have  been  drawn  by  others  are  attributed  to  us. 

[Note. — We  find  that  the  guarded  terms  in  which  the  points  of 
importance  are  emphasised  may  lead  to  a  misconception  of  our  inter- 
pretation of  the  facts.  The  cells  which  have  undergone  the  reducing 
division  are  not  responsible  for  the  active  invasion  of  surrounding 
tissues,  nor  for  the  production  of  metastases;  the  cells  dividing 
somatically  are  responsible  for  both.  The  number  of  heterotype  mitoses 
may  not  stand  in  any  relation  to  the  degree  of  malignancy  and  their 
absence  is  only  presumptive  evidence  of  the  benign  character  of  a 
tumour.  We  postulate  nothing  as  to  the  future  of  the  cells  which 
have  undergone  the  reducing  division,  though  we  believe  the  latter  to 
be  a  terminal  phase  in  the  life  cycle  of  cancer  cells  as  it  is  in  the 
history  of  sexual  cells  in  animals.  The  local  origin,  and  the  expansive 
and  infiltrating  growth  of  cancer  in  its  relation  to  surrounding  tissues, 
while  respecting  its  own  proper  elements,  is  the  criterion  of  its 
malignancy.  This  stamps  it  as  belonging  to  a  new  cycle  comparable 
in  its  entirety  to  the  whole  organism  which  it  is  invading,  rather  than 
to  any  one  of  its  tissues,  reproductive  or  otherwise. 

We  intentionally  restricted  our  original  statement  to  recording  the 
facts,  and  only  such  general  conclusions  as  could  be  irrefutably  drawn 
from  them. — January  25,  1904]. 

We  cannot  here  make  full  acknowledgment  to  those  who  have 
assisted  our  inquiry  in  this  country,  but  our  indebtedness  may  be 
expressed  to  those  observers  abroad  who  have  recorded  isolated 
instances  of  cancer  in  animals,  and  have  so  generously  furthered  oiu* 
investigations  by  placing  material  or  specimens  at  our  disposal. 

In  particular,  we  desire  to  thank  Professor  Borrel,  of  the  Pasteur 
Institute ;  Professor  C.  0.  Jensen,  of  Copenhagen ;  Mr.  J.  A. 
Gilruth,  Chief  of  the  Veterinary  Department,  New  Zealand;  Pro- 
fessor Landau  and  Dr.  L.  Pick,  of  Berlin ;  and  Dr.  Marianne  Plehn, 
Munich 
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ViTithoat  the  generous  co-operation  of  these  and  many  others  it 
uld  not  have  been  possible  within  so  short  a  time  to  have  covered 
!  extendye  ground  indicated  in  this  paper. 


K  6. — Homotjpe  amphiatter.  Epithelioma  Mouse.  Tranirenelj  arranged 
ohromoeoiueti,  longitudioal  splitting,  redaced  number.  All  the  ohromoeomes 
are  not  figured. 


it  of  Specimens  of  Malignant  New  Growths  examined  by  the  Cancer 
Besearch  Fund  Committee  during  the  year  1903. 
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Fie.  8. — Spindle  cell  sarooma.    Codfish.    Secondary  nodule,  wall  of  nmm  Uadder. 

X  l&OO  (reduced). 

DKSCBIPTION   OF  PLATE. 

'  Adbno-Cabcivoha  of  Ql^lTT. 

(1)  The  chromosomes  in  the  stronia  mitoses  are  long  slender  T-shaped  loopiiiriiich 

split  longitudinally,  24  in  numher.  They,  are  somatic  in  type  $  eon^pare 
fig.  2  from  the  tumour. 

(2)  Somatic  equatorial  plate  in  margin  of  tumour,  seen  from  the  pola,-  slender 

V-shaped  chromosomes  24  in  number  arranged  transversely  on  the  spindle, 
and  showing  longitudinal  splitting.  All  the  chromosomes  are  not  reproduced 
in  the  figure. 

(3)  Microphotograph  (untouched)  of  somatic  equatorial  plate. 

(4)  Microphotograph  (untouched)  of  heterotype  amphiaster  seen  from  pole. 

(6)  Heterotype  amphiaster  (polar  view).  Small  ring  chromosomes  present  in 
reduced  niuuher  (12).  All  the  chromosomes  are  not  reproduced  in  the 
figure.    This  is  a  drawing  of  the  mitosis  pbotograplied  in  fig.  4. 

(6)  Hetcrotjpe  amphiaster,  lateral  view  (one  centrosome  only  in  this  section). 
Ring  chromosomes  in  reduced  number  arranged  longitudinally  on  the 
^  spindle.     All  the  chromosomes  are  not  figured. 
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Conjugatiou  of  Eesting  Nuclei  in  an  Epithelioma  of  the  Mouse."^ 
By  R  F.  Babhford,  M.D.,  and  J.  A.  Mubray,  M.B.,  B.Sc. 
Communicated  by  Professor  J.  KosE  Bradford,  F.RS. 
Beceived  January  28, — Bead  February  4, 1904. 

In  a  previous  communication  we  have  drawn  attention  to  the  fact 
lat  the  power  of  cell  proliferation,  which  has  been  proved  to  occur  in 
1  epithelioma  of  the  mouse  (Jensen),  is  a  phenomenon  unparalleled 
I  the  mammalia.  A  mass  of  tumour,  16  lbs.  in  weight,  has  been 
roduced  by  artificially  transplanting  portions  of  the  original  growth 
id  its  descendants.  In  seeking  to  throw  light  on  this  fact,  we  have 
udied  carefully  the  phenomena  which  follow  the  transplantations  of 
ortions  of  the  tissue  to  new  sites,  and  have  found  that  the  tumours 
hich  arise  are  the  genealogical  descendants  of  the  cells  introduced. 
Ve  have  studied  the  growth  of  the  tumours  which  arise  at  successive 
tages  of  24  hours.  In  a  tumour  removed  on  the  eighth  day,  and 
&SS  than  half  a  split  pea  in  size,  conjugation  of  resting  nuclei  has  been 
)b8erved.  To  take  a  specific  case,  the  nuclei  of  two  adjacent  cells  are 
rontinuous  through  the  cell  wall  by  a  tube-like  bridge,  in  the  middle 
of  which  a  strand  of  nucleolar  substance  with  fusiform  swellings  in 
either  cell  is  visible.  The  cells  of  this  particular  case  are  adjacent  to- 
the  stroma,  and  close  to  the  outer  surface  of  the  young  tumour. 
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**  On  the  Part  played  by  Benzene  in  Poisoning  by  Coal  Gas."  By 
B.  Staeheun,  M.D.,  Senior  Assistant  in  the  Medical  Clinic  at 
Basle.  Communicated  by  Professor  R  H.  Starling,  F.RS. 
Beceived  December  11,  1903, — Bead  January  28, 1904. 

(From  the  Phjtiological  LaborAtoiy,  UniTenitj  Coll«ge.) 

In  a  recent  paper  Vahlen*  has  maintained  that  a  difference  exists 
between  the  poisonous  action  of  coal  gas  and  of  carbon  monozida, 
and  Kimkelt  has  also  drawn  attention  to  a  similar  difference  in  the 
case  of  frogs.  In  the  course  of  a  research  which  I  was  undertaking 
in  University  College  for  other  purposes,  at  the  suggestion  of  Professor 
Starling,  I  have  come  across  facts  which  may  serve  to  explain  the 
difference  noted  by  these  observers. 

My  first  object  was  to  investigate  the  effect  of  deprivation  of  oxygen 
on  the  fatigue  curve  of  muscles.  To  this  end,  a  muscle  was  hung  up 
in  a  closed  cham]>er  and  the  atmospheric  air  driven  out  by  a  stream  ot 
some  other  gas.  When  coal  gas  was  used  for  this  purpose,  it  was 
noticed  that  the  muscle  rapidly  went  into  rigor  mortis,  whereas,  in 
nitrogen,  it  remained  excitable  for  many  hours.  I  set  myself,  there- 
fore, to  find  out  which  constituent  of  the  coal  gas  was  responsible  for 
this  poisonous  effect. 

The  experiments  were  carried  out  on  the  frog's  sartorius,  since  the 
relatively  large  surface  of  this  muscle  renders  it  particularly  accessible 
to  gaseous  poisons.  The  muscle  was  hung  up  in  a  glass  tul)e,  closed 
above  and  below  by  rubber  corks.  To  the  upper  cork  a  hook  was 
fastened  on  which  was  hung  the  bony  insmion  of  the  sartorius. 
Through  the  lower  cork  a  glass  tube  passed.  The  movements  of  the 
muscle  were  transmitted  to  a  recording  lever  by  means  of  a  steel 
needle  hooked  into  the  lower  end  of  the  muscle  and  passing  through 
the  glass  tube.  The  lever  was  weighted  near  its  axle,  and  was  after- 
loaded,  and  its  movements  were  recorded  on  a  slowly  rotating  drum, 
on  which  the  time  was  also  marked  by  means  of  a  signal.  The  closed 
tube  was  provided  with  two  small  lateral  openings  by  which  any  gas 
desired  could  be  passed  through  it,  the  opening  through  which  the 
needle  passed  to  the  lever  being  made  sufficiently  air-tight  by  means 
of    a   small    plug  of    vaseline.      In   every   experiment    two   similar 

•  Ferchland  und  Vahlen,  "  Ucber  Vencliicdenheit  yon  Leuchtgaa*  und  Eohlen- 

uxjdTergiftung,"  *  Archiv  fur  exper.  Pathologie  und  Pharmakologie/  48,  p.  106 ; 

Vahlen,   "Uebcr   Lcuchtgasyergiftung,"   *  Archly   fiir   experimenteUe  Pathologif 

und  rharmakologie,'  49,  p.  245. 

f  Kuakelf  "  Veher  Verschiedcnheit^Ton  Leuchtgas-  und  Xohlenoxydyergiftung," 

* SHxuDgsberiehte  der    Pbjsikalisch-medixixiiscVieii  Qie«fi\\ioVA,it  xu   Wursburg,* 

JffO^,  iVr.  4,  S,  p,  61, 
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afyparatns  were  employed,  so  that  the  influence  of  two  gases  could 
be  compared  at  one  and  the  same  time  on  the  two  sartorii  of  the 
«mie  frog. 

When  coal  gas  was  led  through  the  tube  the  muscle  began  to 
€<mtract  1 — 7  minutes  after  the  beginning  of  the  passage  of  the 
gas,  and  in  | — 1  hour  the  muscle  was  maximally  contracted  and  had 
an  opaque  appearance.  The  rapidity  with  which  the  contraction  came 
on  was  proportional  to  the  rapidity  with  which  the  gas  was  passed 
dirough  the  chamber,  and  varied  with  the  temperature,  warmth 
quickeoing  and  cold  slowing  the  process.  Once  the  muscle  was  fully 
ccmtracted  no  recovery  took  place.  This  phenomenon  could  not  be 
due  to  the  CO  in  the  coal  gas,  since,  on  passing  pure  CO  through  the 
muscle  chamber,  the  muscle  remained  excitable  as  long  as  in  nitrogen, 
and  the  fatigue  curve  took  the  same  course  as  in  that  gas.  Among 
the  remaining  more  important  constituents  of  coal  gas  which  might 
produce  this  phenomenon,  benzene  merited  first  attention,  since  all 
aromatic  bodies  are  more  or  less  potent  poisons.  I  therefore  tried 
the  effect  of  passing  air  through  benzene  into  the  muscle  chamber. 
1  found  that  in  less  than  a  minute  the  muscle  began  to  contract,  and 
the  contraction  reached  its  maximum  height  within  a  short  time,  the 
muscle  becoming  opaque  and  dead.  The  other  sartorius  of  the  same 
frog  was  placed  at  the  same  time  in  coal  gas.  It  began  to  contract 
only  after  several  minutes,  and  the  contraction  took  half  an  hour' to  reach 
its  maximum.  Benzene  vapour  therefore  showed  itself  much  more 
poisonous  for  a  muscle  than  coal  gas,  evidently  on  account  of  its 
greater  concentration.  According  to  Letheby,  London  coal  gas 
4^ntains  only  38  per  cent,  of  condensible  hydrocarbons,  of  which 
benzene  forms  only  a  small  proportion.  I  therefore,  in  another 
experiment,  passed  air  into  the  muscle  chamber,  not  through  pure 
benzene,  but  through  water  which  had  been  shaken  up  with  benzene. 
In  this  case  the  contraction  began  6  minutes  after  the  beginning  of 
ohe  experiment  and  took  38  minutes  to  reach  its  maximum,  while  the 
control  muscle  in  coal  gas  began  to  contract  in  7  minutes  and  reached 
its  maximum  contraction  in  40  minutes. 

It  seemed,  therefore,  highly  probable  that  benzene  was  really  the 
constituent  of  coal  gas  which  was  responsible  for  its  toxic  properties 
on  muscle.  If  that  were  the  case  the  passage  of  coal  gas  through  oil, 
which  absorbs  benzene,  ought  to  deprive  it  of  its  deleterious  effects. 
This  was  foimd  to  be  the  case.  Coal  gas,  passed  through  oil,  showed 
no  difference  in  its  effects  from  pure  CO  or  nitrogen. 

In  the  same  manner  as  benzene  I  investigated  the  effects  of  xylol 
and  toluol.  If  the  muscle  was  supplied  with  air  blown  through  either 
of  these  fluids  no  poisonous  effect  was  observed  even  when  the  fluids 
were  warmed.  The  absence  of  effect  in  these  two  cases  is  perhaps  to 
be  ascribed  to  the  lower  vapour  tension  of  these  two  s\\\>atwv(i^§>.    Tt^^ 
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muscle  was  equally  unaffected  when  supplied  with  air  which  had  beea 
passed  over  heated  naphthaline. 

I  also  investigated  the  efiect  of  certain  hydrocarbons  of  the  fatty 
series,  namely,  methane,  prepared  by  heating  sodium  acetate  and 
sodium  hydrate,  acetylene  produced  by  the  action  of  water  on  calcium 
carbide,  as  well  as  the  mixture  of  substances  obtained  by  blowing  air 
through  petroleum  ether.  In  none  of  these  cases  was  any  effect 
produced  on  the  muscle.  If,  however,  a  trace  of  benxene  was  added 
to  petroleum  ether,  rigor  mortis  of  the  muscle  was  almost  immediately 
produced.  In  this  case  the  volatility  of  the  petroleum  ether 
apparently  aids  the  evolution  of  the  benzene.  On  the  other  hand, 
the  addition  of  small  quantities  of  benzene  to  xylol  does  not  impart 
poisonous  qwilities  to  the  air  bubbled  through  the  mixture,  the 
benzene  being  apparently  held  fast  by  the  less  volatile  xylol. 

It  seemed,  therefore,  most  probable  that  the  specific  poisonous  effisct 
of  coal  gas  on  frog's  muscle  was  due  to  benzene  only,  and  that  it  was 
to  the  presence  of  this  substance  in  coal  gas  that  the  differences 
observed  by  Kunkel  and  Yahlen  between  the  action  of  coal  gas  and 
carbon  monoxide  were  to  be  referred.  Vahlen  states  that  warm- 
blooded animals  and  frogs  die  more  rapidly  in  coal  gas  than  woiild  be 
expected  from  its  percentage  of  CO,  and  also  that  frogs  in  coal  ga» 
present  excitatory  phenomena  which  are  abseni;  in  pure  CO.  Although 
Kunkel  denies  the  presence  of  any  difference  ])etween  the  action  of 
these  two  gases  on  warm-blooded  animals,  he  also  draws  attention  to 
the  peculiar  effects  on  frogs  of  coal  gas,  which  are  not  produced  by 
other  gases  free  from  oxygen,  and  describes  them  as  "choreiform 
twitchings  and  spasms  in  the  neck  and  legs."  To  decide  this  question 
the  following  experiments  were  carried  out . — 

I.  Three  frogs  were  placed  in  air-tight  bell  jars,  through  each  of  which  coal  ga^ 
was  conducted  at  constant  rate.  The  coal  gas  had  to  pass  in  each  case  through  a 
wash  bottle,  which  in  A  was  water,  which,  of  course,  left  the  composition  of  the 
gas  unchanged,  in  B  oil,  which  would  absorb  the  benzene.  In  front  ot  C  were  two 
wash  bottles,  the  first  one  containing  oil,  the  second  one  benzene. 

The  passage  of  the  gas  through  the  three  bell  jars  was  begun  at  11.20.  At  11.25 
all  three  frogs  were  restless.  Frog  C  remained  then  still  for  a  short  time,  and  th«» 
breathing  became  irregular,  and  twitching  occurred  in  the  extremities  and  back. 
MoTemeuts  were  chiedj  co-ordinated,  though  there  were  some  twitchings  of 
isolated  muscles.  After  a  little  time  the  niorements  became  shorter  and  less 
co-ordinated,  the  legs  remained  stretched  out,  and  breathing  ceased.  Frog  A 
betrayed  phenomena  similar  to  C,  but  the  spasms  wore  less  evident,  and  came  on 
more  slowly.  Frog  B  became  quite  quiet,  the  respiration  becoming  irregular  and 
shallower. 

At  11.40  B  was  sitting  up  in  normal  position,  though  the  breathing  wai  some- 

wliat  irregular,  while  A  and  C  were  lying  on  their  bellies,  with  legs  stretched  out. 

At  11.45  all  three  frogs   were  taken  out.     C  gave  no  signs  of  life,  and  in  ten 

minuU^a  was  quite  rigid ;  B  still  reacted  slightly  to  stimulation,  showed  shallow 

reapirutorj  movements^  and  gradually  recovered,  bo  thait  ^X,  1.30  it  was  apparently 

normal.     Frog  A  at  first   sliowod  no  TeB\x>nfte  to  »t\m\x\\i«,  vn^  ^o  T^v^unNfiix 
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By  11.66  it  had  zeooYered  ndRoieiitlj  to  show  botli  ihete  phenomena, 
and  at  1^  it  waa  m>  tar  leooTered  that  it  could  reooTer  iti  position  when  tnmed 
on  ita  baek,  and  in  a  conple  of  honn  later  waa  apparently  nonnal. 

n.  In  a  Moond  experiment  the  arrangements  were  the  same  as  in  the  first, 
exeept  that  in  0  the  gas  whioh  had  passed  through  the  oil  was  allowed  to  pass 
through  water  saturated  with  bensene  instead  of  through  pure  bensene.  In  this 
ease  tlie  phewmiena  in  A  and  C  were  practioallj  identical,  and  were  similar  to 
ihoae  ohaarad  in  A  m  the  first  experiment.  We  need  not,  therefore,  give  fuller 
delaila  of  this  experiment. 

We  thus  see  that,  when  frogs  are  exposed  to  coal  gas,  motor 
phenomena  are  produced,  which  are  absent  if  the  coal  gas  be  pre- 
yioosly  purified  by  passage  through  oil,  and  that  these  phenomena 
can  be  reproduced  if  the  purified  gas  be  made  to  take  up  benzene 
▼apour.  The  poisonous  properties  of  the  gas  can  be  increased  by 
increasing  the  tension  of  the  benzene  vapour.  We  are,  therefore, 
justified  in  concluding  that  the  differences  between  the  effects  of 
00  and  coal  gas  observed  by  Kunkel  and  Vahlen,  depend  on  the 
presence  in  the  latter  of  benzene.  The  slight  motor  excitation 
observed  in  frogs  in  coal  gas,  which  had  been  purified  by  passage 
dirough  oil,  is  exactly  similar  to  that  described  by  Kunkel,  as  the 
result  of  deprivation  of  oxygen,  produced  by  placing  the  frogs  in 
nitrogen  or  CO,  as  is  shown  by  the  following  experiment : — 

m.  Two  frogs  were  placed,  one  in  a  bell  jar  through  whioh  CO  gas  was  led,  the 
other  in  a  similar  jar  through  which  coal  gas  was  led  after  passing  through  oil. 
Both  animals  in  a  short  time  sliowed  slight  twitchings  of  isolated  groups  of 
muaolea  in  the  extremities  and  back,  and  occasional  extensor  moTcments  of  the 
hind  limbs,  which  gradually  diminished.  No  difPerence  was  obseirable  between 
the  two  frogs.  In  three  quarters  of  an  hour  thej  were  taken  out  of  the  jars,  and 
both  recorered  within  a  short  time. 

In  order  to  be  certain  of  the  part  played  by  benzene  in  coal  gas 
poisoning,  we  must  have  some  idea  of  the  effect  of  pure  benzene  on  the 
frogs.  I  have  been  unable  to  find  any  published  experiments  over  the 
effects  of  inhalation  of  benzene  on  the  frog.  Beyer*  states  that  xylol 
acts  as  a  narcotic  poison,  like  the  other  odorous  substances  investigated 
by  him.  I  have,  therefore,  made  some  experiments  on  the  influence 
of  benzene  vapour  in  the  presence  of  oxygen  on  frogs. 

lY.  A  frog  was  placed  in  a  beU  jar,  in  which  a  beaker  of  benzene  was  hung  up. 
Sight  minutes  after  the  beginning  of  the  experiment  spasmodic  moTements  and 
twitchings  began  in  Tarious  parts  of  the  body,  accompanied  by  a  considerable 
secretion  of  mucus.  After  a  few  minutes  the  spasms  ceased,  the  frog  lay  stiU 
with  extended  limbs,  and  respiration,  which  at  first  was  irregular,  l>ecame 
gradually  shaUower  and  less  frequent.  Twenty  minutes  after  the  beginning  of  the 
experiment  aU  respiratory  and  other  movemonts  had  ceased.  The  frog  was  taken 
out  of  the  jar,  and  recovered  in  a  few  hours. 

*  Beyer,  *' Narkotische  Wirkimgen  von  Biechstoffen  und  ihr  Einfluss  auf  die 
notorisehen  Nerren  des  Frosches."  'Arohiv  ttr  Anatomie  und  'PVv^t^oV^^^^ 
phjsifdogische  khteHnng,*  1902,  p.  201. 
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In  other  experiments  in  which  the  frog  was  left  longer  expoeed  to 
the  action  of  benzene  vapour,  rigar  mortis  came  on  first  in  the  hinder 
and  then  in  the  fore  extremities  before  the  heart  had  ceased  to  beat 
One  peculiarity  was  observed  with  regard  to  the  reflex  irritaUlity  (rf 
the  animals,  under  these  conditions,  which  is  worthy  of  notice.  Very 
early  in  the  experiment,  at  the  very  b^inning  of  the  spasmodic  move* 
ments,  the  frog  reacted  very  slightly  and  incompletely  to  changes  in  its 
position,  that  is,  such  as  would  be  produced  by  holding  the  vessel  in 
which  they  were  placed  in  an  oblique  position  or  turning  them  on 
their  sides  or  backs.  On  the  other  hand,  the  reactions  to  tactile 
stimuli  of  the  skin  were  much  more  pronounced  than  usual,  so  that 
a  tap  on  the  one  foot  might  evoke  muscular  contractions  thron^out 
the  whole  body.  When  the  animals  began  to  become  rigid,  stimula- 
tion of  a  toe  of  the  rigid  Umb  could  evoke  contractions  of  the  limbs 
which  had  not  yet  become  stiff.  Thus,  in  all  these  experiments  the 
first  result  of  the  poisoning  was  motor  excitation,  which  showed  itself 
at  first  by  co-ordinated  movements  affecting  large  portions  of  the  body, 
and  later  by  twitchings  of  isolated  groups  of  muscles.  A  little  later 
the  respiration  became  irregular  and  finally  ceased.  The  higher 
reflexes,  e,g,,  the  reaction  to  changes  in  position,  were  abolished,  while 
the  lower  were  increased.  Finally,  however,  the  paralysis  became 
universal,  so  that  also  the  spinal  reflexes  were  abolished.  This  stage 
was  followed  by  a  rigidity  of  the  muscles,  and  last  of  all  the  heart 
ceased  to  beat.  The  rapidity  of  onset  of  these  phenomena  is  naturally 
dependent  on  temperature,  being  quicker  the  higher  the  external 
temperature.  It  is  evident  that  we  have,  therefore,  to  deal  with  an 
action  of  the  poison  on  the  central  nervous  system.  The  general 
spasmodic  movements  are  abolished  by  previous  destruction  of  the 
brain  and  spinal  cord ;  the  twitchings  of  the  musclies  and  the  rigor  of 
the  extremities  persist,  however,  in  the  complete  absence  of  the  central 
nervous  system,  and  occur  in  a  hind  liml),  the  nerve  of  M^hich  has  been 
divided,  as  rapidly  as  on  the  opposite  side.  The  onset  is  not  pre- 
vented by  curarisation,  and  must,  therefore,  be  ascribed  to  a  direct 
action  of  the  benzene  on  the  muscles  themselves,  as  has  been  described 
at  the  beginning  of  this  paper. 

In  the  poisoning  by  coal  gas  this  rigor  of  the  muscles  was  not 
observed  either  by  myself  or  Vahlen  and  Kunkel,  probably  because 
the  animals  die  of  asphyxia  before  the  small  amounts  of  benzene 
present  in  the  coal  gas  have  time  to  bring  about  their  direct  effect 
upon  the  muscular  tissue.  As  Experiment  I  shows,  the  increase  \t^ 
the  percentage  of  benzene  in  the  coal  gas  is  followed  hy  the  onset  oi 
rigidity  in  the  muscles. 

Rather  more  difficult  is  the  explanation  of  the  increased  reflet 

excitability  in  the  later  stages  of  intoxieatioiv.    It  may  be  that  tk^ 

poisonous  effects  are  first  coafined  to  t\ve  Ya^ct  <^w\it^.    Vinv  Vk^ 
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other  hand,  the  increased  irritability  of  the  muscles  themselves  is 
the  chief  factor  in  the  spinal  reflex  hyper-excitability.  In  coal  gas 
poison,  when  the  lower  centres  are  also  paralysed  by  asphyxia,  the 
reflex  excitability  disappears. 

It  is  thus  possible  to  refer  the  difference  l)etween  intoxication  by 
coal  gas  and  that  by  GO  entirely  to  the  influence  of  benzene,  which 
determines  in  its  first  stage  vigorous  excitatory  motor  phenomena. 
In  warm-blooded  animals  the  conditions  are  quite  different.  Lorraine 
Smith*  found  that  an  addition  of  0*65  per  cent,  of  benzene  to  air  had 
no  effects  on  a  guinea-pig,  and  Santessonf  did  not  succeed  in  producing 
either  acute  or  chronic  poisonous  effects  by  administering  benzene  to 
a  rabbit  by  inhalation.  In  man,  too,  cases  of  poisoning  by  benzene 
are  few  and  far  between.  It  is  possible  that  the  minute  quantities, 
which  are  absorbed  by  the  lungs,  are  rapidly  oxidised  and  excreted  as 
«n  aromatic  sulphate.  At  any  rate,  in  man,  benzene  plays  no  part 
in  the  poisonous  effects  of  coal  gas. 

# 
Summary  of  BesuUs, 

(1)  Coal  gas  produces  first  excitation  and  then  rigor  of  the  isolated 
frog's  muscle. 

(2)  Frogs  exposed  to  coal  gas  show  excitatory  phenomena  which 
Are  absent  when  the  animal  is  placed  in  an  atmosphere  of  CO  or 
nitrogen. 

(3)  The  specific  effects  of  coal  gas  on  frogs  are  determined  by  the 
presence  of  benzene  in  the  gas,  and  can  be  produced  by  air  containing 
the  same  percentage  of  benzene. 

(4)  There  is  no  reason  to  suppose  that  the  poisonous  effect  of  coal 
gas  on  mammals  is  determined  by  anything  except  its  content  in  CO. 

•  Lorrain  Smith,  *'  The  Poisonous  Action  of  Coal-Gtis  and  Carburetted  Water- 
Gas."  *  Beport  of  the  Water-Gas  Committ'ee,'  presented  to  both  Houses  of  PaHia- 
ment  by  command  of  Her  Majesty,  1899,  Appi»ndix  VII,  p.  127. 

t  Santesson,  '^  Geber  chronische  Yergiftuugcu  mit  Stoinkoblenbenziii,"  '  Archiv 
fur  Hygiene/  31,  p.  336. 
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'*  The  '  Islets  of  Langerhans '  of  the  Pancreas."  By  H.  H.  Dai^ 
B.Ch.,  George  Henry  Lewes  Student.  Communicated  by 
Professor  Stabling,  M.D.,  F.RS.  Beceived  December  11, 
1903,— Bead  January  28, 1904. 

(Froni  the  Ph}  tiologioftl  Labomlorj,  UniTenity  College.) 
(Abstract.^- 

These  structures  were  first  described  by  Langerhans  in  1869.  They 
hare  since  been  foimd  by  many  observers  in  the  pancreas  of  every 
species  of  mammal,  bird,  reptile,  and  amphibian  in  which  they  have 
been  looked  for.  Kiihne  and  Lea  first  recognised  the  peculiarly  ridi 
plexus  of  wide  blood-capillaries  in  the  islets.  As  regards  their  function, 
they  have  been  regarded  as  connected  with  the  nervous  system,  as 
lymphatic  structures,  as  embryonic  remnants,  as  patches  of  exhausted 
or  degenerate  pancreatic  tissue,  as  fumilhing  a  particular  constituent 
of  the  pancreatic  juice,  and  as  internally  secreting  ductless  glandular 
tissue,  fiu-nishing  a  substance  necessary  for  normal  carbohydrate 
metal)oli8m, .  and  quite  unconnected  with  the  externally  secreting 
function  of  the  pancreas.  This  last  view  has  received  support  from 
many  observations  of  the  degeneration  or  absence  of  the  islets  in 
diabetes,  and  from  the  statement  of  several  observers  that,  after 
occlusion  of  the  pancreatic  duct,  the  islets  remain  intact  when  the 
ordinary  secretory  tissue  has  disappeared. 

Lewaschew,  in  1885,  first  stated  that  activity  of  the  pancreas  led  to 
an  increase  in  the  number  of  the  islets,  and  that  intermediate  forms 
between  the  ordinary  secretory  tissue  and  the  islets  could  be  found, 
and  were  more  abundant  after  activity. 

This  statement  has  been  confirmed  by  Pischinger,  Maximow,  and 
Tschassownikow,  and  has  also  been  repeatedly  contradicted.  Laguesse 
describes  a  perpetual  change  of  secretory  tissue  into  islets  and  vic€  verstl, 
the  islets  being,  in  his  view,  pancreatic  tissue  in  an  internally  secreting 
stage,  and  representing  also  the  stage  during  which  growth  takes 
place. 

My  observations  have  been  made  on  the  pancreas  of  the  dog,  cat, 
rabbit,  and  toad.  The  pancreas  was  hardened  in  a  mixture  of  corrosive 
sublimate  and  formaldehyde,  sections  cut  in  parafiin  and  stained  with 
toluidine-blue  and  cosine.  The  islets  appear,  with  a  low  magnification^ 
as  relatively  unstained  areas. 

The  pancreas  was    examined  in  conditions    of     "  rest "    (normal 

activity),   of  exhaustion   produced    by  prolonged  administration    of 

secretin,  and  of  starvation.     Exhaustion  was  produced  in  the  mammals 

(eat  and  dog)  by  repeated  injections  oi  secTetm  mto  t.he  jugular  veirm 

during  d — 12  hours,  accompanied  by  \AeeA\T\g  UiN^ax^  \)t«i  «iv^  ^1  \\i«s5 
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experiment,  until  the  pancreas  ceased  or  almost  ceased  to  secrete.    The 
animak  were  anaesthetised  with  morphia  and  A.C.E.  mixture. 

In  the  toad,  secretin  was  injected  into  the  dorsal  Ijrmph-sac  by  a 
hypodermic  needle  during  2 — 4  days.  The  effect  of  starvation  was 
observed  in  a  stray  cat,  picked  up  in  an  emaciated  condition  and  killed 
inunediately,  and  in  toads  which  had  been  for  several  months  in  the 
laboratory  tank. 

In  the  resting  glands  of  all  the  species  the  intermediate  forms 
described  by  Lewaschew  were  observed,  the  islets  being  formed 
by  an  assimilation  of  the  secreting  epitheliimi  to  the  centro-acinary 
cells  and  the  epithelium  of  the  ductules,  with  later  rearrangement 
of  the  cells  attended  by  formation  of  the  wide  tortuous  blood- 
capfllaries.  In  the  toad  evidence  was  also  found  of  reconstruction 
of  secreting  alveoli  from  islets  and  of  cell-multiplication  in  the  islet 
stage. 

The  effect  of  exhaustion  was  in  all  cases  the  same — a  very  extensive 
conversion  of  the  secretory  tissue  of  the  gland  into  large  islets,  of 
irregular  outline,  retaining  obvious  traces  of  their  former  alveolar 
stmcture,  and  containing  numerous  intermediate  forms.  Specimens 
have  been  obtained  from  a  dog  with  the  greater  part  of  a  lobule,  and 
from  a  toad  with  the  greater  part  of  the  whole  pancreas  thus 
converted. 

The  effect  of  prolonged  starvation  was,  on  the  whole,  very  similar 
to  that  of  exhaustion,  but  slighter  in  degree. 

Experiments  on  the  dog*  and  rabbit  were  also  made  to  observe  the 

effect  of  occluding  the  pancreatic  duct.     There  resulted  in  all  cases  an 

interstitial  fibrosis.     The  areas  of  pancreas  not  destroyed  assumed  the 

islet  condition,  but  the  preformed  islets  showed  no  special  immunity  from 

destruction. 

I         The  experiments  leave  the  question  of  the  function  of  the  islets 

1     undecided,  but  the  results  of  occlusion  of  the  duct  are  in  favour  of 

I     Laguesse's  view  that  they  represent  an  internally  secreting  stage  in  the 

life  of  pancreatic  tissue. 

- 1         *  On   the  dog   only   one  experiment   was   made,  in   which  the  operation    wa^ 


I 


performed  for  other  purposes  by  Professor  Starling. 
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"  The  Reduction  Division  in  Fema"  By  R  P.  Grbgobt,  St  John's 
College,  Cambridge,  University  Demonstrator  in  Botany. 
Communicated  by  Pi-ofessor  H.  Marshall  Ward,  F.RS. 
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The  earlier  work  upon  the  spore-formation  in  Ferns  having  led  to 
divergent  results,  a  new  investigation  was  begun  in  connection  with 
other  cytological  work  bearing  upon  the  Mendelian  hjrpothesis. 
During  the  progress  of  tins  work.  Professor  Farmer  and 
J.  K  S.  Moore,  in  their  preliminary  communication  to  the  Royal 
Society  upon  the  reduction-phenomena  of  plants  and  animals,* 
indicated  the  occurrence  of  a  true  reduction  at  the  heterotype  division 
in  both  plants  and  animals.  The  examination  of  the  early  stages  (rf 
spore-formation  in  Ferns  leaves  no  doubt  that  the  essential  features 
of  the  phenomena  described  by  the  above-mentioned  authors  are 
present  also  in  this  group  of  plants. 

The  species  which  I  have  examined  are  Pieris  tremula^  Scolopendrittm 
mlgare,  Asplenium  marinum^  the  so-called  hybrid  between  Scolopendrium 
vidgare  and  AspUnium  ceterach,  Onodta  sensibiUs,  Davallia  capensis  and 
Fadijenia  prolifera.  All  these  are  included  among  the  Polypodiaceof. 
The  processes  of  spore-formation  are  identical  in  all  these  types.  The 
reduced  number  of  chromosomes,  which  appears  at  the  heterotype 
division,  is  thirty-two. t  Owing  to  the  smallness  of  the  nuclei  it  is  not 
easy  to  determine  exactly  the  number  of  the  chromosomes  in  the  case 
of  the  vegetative  cells,  but  it  is  about  sixty,  and  I  think  there  is  a 
strong  presumption  that  the  number  is,  as  stated  by  Stevens,  ^  sixty- 
fom*. 

An  examination  of  Dicksania  davallwides  and  of  Alsaphila  extdsa 
{Cyatheacea)  was  sufficient  to  show  that  it  is  extremely  probable  that 
the  following  description  applies  equally  to  these  plants,  but  as  the 
quantity  of  material  hitherto  available  was  small,  only  the  early  stages 
have  been  examined  as  yet. 

After  the  vegetative  divisions  of  the  archesporium  are  complete, 
the  spore  mother-cells  undergo  a  period  of  rest  during  which  the 
nuclei  increase  in  size.  At  the  end  of  this  period,  that  is,  in  the 
earliest  prophase  of  the  reduction  division,  the  spireme  thread  under- 
goes a  longitudinal  fission.  The  ensuing  contraction  of  the  spireme 
towards  one  end  of  the  nucleus  results  in  the  formation  of  a  series  of 
loops.  The  double  nature  of  the  loops,  which  is  a  consequence  of  the 
longitudinal  fission  of  the  thread,  is  clear. 

•  *  Roy.  Soc.  Proc.;  1908,  June  18. 

t  In  Pteri*  tremula  no  exact  counts  were  made,  but  the  number  is  apparcotlj 
the  etune  as  in  the  other  species  described. 

/  "Ueber  C/iromosomentheilung  Y)ei  der  ^poreubWdMii^  det  Fame,"  *Bfr.  d. 
J?euUch.  Bot.  GeBelhch.,*  1898,  p.  263. 
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Ab  the  polarity  of  the  spireme  becomes  more  pronounced  the  limbs 
of  each  loop  approach  each  other,  and  segmentation  into  the  chromo- 
flovnea  takes  pkce.  Each  chromosome  has  its  origin  in  one  of  the 
loops  of  the  spireme  and  thus  forms  a  double  U-shaped  body,  the 
limbs  of  the  U  being  twisted  upon  one  another  to  varying  degrees  in 
the  different  chromosomes  of  the  same  nucleus.  The  approximation 
towards  one  another  of  the  distal  ends  of  the  limbs  of  each  U,  often 
resulting  in  the  appearance  of  a  *'  ring  **  chromosome,  is  a  common 
feature  of  the  heterotype  division  in  Ferns. 

As  prophase  leads  up  to  metaphase  the  original  longitudinal  fission 
becomes  more  obscure,  and  as  the  chromosomes  begin  to  group  them- 
aelTCS  in  the  equatorial  plate,  each  appears  to  consist  of  two  parallel 
rods,  which  represent  the  approximated  limbs  of  each  loop  of  the 
qnreme,  and  are  joined  at  one  end. 

'Die  increasing  difficulty  during  these  successive  stages  of  recognising 
the  original  longitudinal  fission  in  the  limbs  of  the  chromosomes  has 
led  to  an  incorrect  interpretation  of  their  structure.  The  two  limbs, 
of  which  each  chromosome  consists,  were  interpreted  as  being  the  result 
of  the  original  longitudinal  fission  in  the  now  shortened  and  thickened 
diromosomes.  A  similar  conception  led  to  the  interpretation  of  the 
•*  ring "  form  of  chromosome  as  being  due  to  the  divergence  of  the 
halves  into  which  each  chromosome  was  separated  by  that  fission. 
The  examination  of  numerous  preparations  of  the  stages  intermediate 
between  that  of  the  looped  spireme  and  that  of  early  metaphase 
reveals  the  incorrectness  of  this  interpretation,  inasmuch  as  the 
original  longitudinal  fission  can  be  clearly  recognised  in  each  limb  of  the 
chromosome.  In  the  same  way  favourable  preparations  of  the  '*'  ring '' 
type  of  chromosome  reveal  the  double  nature  of  the  ring,  while  in 
many  cases  the  distal  ends  of  the  limbs  either  do  not  quite  meet,  or 
on  the  other  hand  may  overlap,  thus  providing  forms  transitional  to 
the  U  and  X  types  of  chromosome. 

The  spindle  fibres  are  attached  to  the  limbs  of  the  chromosomes 
near  the  distal  ends  of  the  latter ;  as,  therefore,  the  two  daughter- 
chromosomes   are    drawn    apart,   the    familiar  p-shaped   figures   are 

obtained,  and  the  final  separation  takes  place  at  a  point  corresponding 
with  the  apex  of  the  original  loop. 

The  exact  time  when  the  transverse  fission,  which  separates  the 
two  limbs  of  each  loop,  takes  place  is  not  easily  determined  and 
appears  to  be  variable.  In  some  cases  it  appears  to  have  been  com- 
pleted before  metaphase  is  reached,  so  that  the  chromosomes  as  they 
move  to  the  equatorial  plate  consist  of  two  separate  rods.  In  others, 
on  the  contrary,  the  separation  is  synchronous  with  the  commence- 
ment of  the  contraction  of  the  spindle  fibres,  and  consequent  div^t^^^u^t^ 
of  tha  limbs  of  the  chromosomes. 
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As  the  chromosomes  move  toward  tilie  eqnatorial  plate  the 
longitudinal  fission  of  each  limb  once  more  becomes  dearly  apparwit, 
so  that,  seen  in  face,  the  diverging  danghteindiromosomes  form   a 

A-shaped  body.    A  splaying  of  the  ends  of  the  rods  at  this  or 

a  slightly  earlier  stage  often  gives  rise  to  those  figures,  not  unlike 
tetrads,  which  were  assumed  by  Calkins*  to  have  an  origin  similar  to 
that  of  the  tetrads  characteristic  of  the  heterotype  division  of,  for 
instance,  Oryllaidlpa,  as  described  by  Yom  Bath. 

In  the  small  chromosomes  of  the  Ferns  it  is  impossible,  in  the 
majority  of  cases,  to  trfMse  the  presence  of  the  original  longitudinal 
fission  through  the  late  prophase  condition  up  to  the  beginning  of 
metaphase.  Nevertheless,  a  study  of  the  successive  forms  assumed  by 
the  chromosomes  indicates  that  the  gradual  obliteration  is  apparent 
rather  than  real ;  for  it  can  still  be  recognised  by  means  of  the  slightly 
bifid  ends  of  the  limbs  of  the  chromosomes.  These  appearances  are 
sufficiently  convincing  as  to  the  correctness  of  the  interpretation  of 
the  so-called  second  longitudinal  fission,  as  nothing  more  than  a 
reappearance  of  the  original  fission  undergone  by  the  spireme  in  the 
early  stages  of  prophase. 

The  second  (homotype)  division  follows  very  rapidly  upon  the  com- 
pletion of  the  heterotype  division,  and  is  provided  for  by  the  longi- 
tudinal fission  already  noticed  in  the  diverging  chromosomes  of  the 
heterotype  division. 

The  result  is,  therefore,  a  transverse  true  reduction  division  of  the 
bivalent  chromosomes  which  characterise  the  heterotype  division. 
This  work,  therefore,  provides  an  extension  to  another  group  of  plants 
of  the  results  obtained  by  Farmer  and  Mooret  in  certain  plants  and 
animals. 

It  is  not  within  the  scope  of  the  present  paper  to  discuss  the  con- 
siderations tending  to  support  the  belief  in  the  universal  occurrence 
of  a  reduction  division  leading  to  the  formation  of  the  gametes.  I 
shall  confine  myself  to  a  consideration  of  the  significance  of  the 
reduction  division  in  connection  with  Mendelian  segregation. 

Viewed  from  this  standpoint  the  occurrence  of  a  qualitative 
reduction  in  plants  as  well  as  in  animals  is  extremely  important  as 
affording  a  possible  provision  for  that  purity  of  the  gametes,  in  respect 
of  allelomorphic  characters,  which  is  demanded  by  Mendel's  h^'po- 
thesis. 

The  work  of  Boverit  upon  the  qualitative  differentiation  of  chromo- 

*  "  Chromatin  Beduotion  and  Tetrad-formation  in  Ptfridophytes/'  *  BuU.  Torrey 
Bot.  Club/  vol.  xxiT,  1897,  p.  101. 
t  Farmer  and  Moore,  loc.  cit. 

t  "Mehrpolige  Mitaae  als  Ifittol  lur  Analyse  des  ZeUkerns/'  '  Verb.  d.  Phys. 
k  Med.  Gea.  WurEhurg,'  1902,  toI.  86. 
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•ODies,  supported  by  that  of  Sutton,*  McGlung,t  and  others,  affords 
strong  evidence  in  favour  of  the  theory  that  the  development  of  certain 
characters  in  the  zygote  corresponds  with  the  presence  of  certain 
chromoeomes  or  groups  of  chromosomes  in  the  nuclei. 

CanDon^  has  suggested  a  '*  cytological  basis  for  the  Mendelian  laws  " 
founded  upon  the  occurrence  of  a  qualitative  reduction  division,  and, 
at  a  time  when  the  general  concensus  of  opinion  among  botanists 
was  adverse  to  such  a  conception,  went  so  far  as  to  predict  the 
discovery  of  a  qualitative  reduction  in  plants.  A  somewhat  similar 
suggestion,  based  upon  work  on  Brachystola  {OrtJioptera),  was  inde- 
pendently made  by  Sutton.($ 

CSannon's  hypothesis  consisted  in  the  assumption  that  in  fertile 
hybrids,  as  well  as  in  pure  races,  '*  the  chromosomes  derived  from  the 
father  and  the  mother  unite  in  synapsis  and  separate  in  the  metaphase 
of  one  of  the  maturation  divisions.  .  .  so  that  the  end  is  attained  that 
the  chromatin  is  distributed  in  such  a  way  that  two  of  the  cells  receive 
pore  paternal,  and  two  cells  pure  maternal  chromosomes,  and  no  cells 
receive  chromosomes  from  both  the  father  and  the  mother."|| 

Thus  enimciated  the  hypothesis  is  applicable  only  to  "monohybrids" 
(de  Vries) ;  it  is  insufficient  to  explain  the  phenomena  observed  in  the 
offspring  of  Mendelian  hybrids  whose  parent  races  differ  from  one 
SQoiher  in  respect  of  more  than  one  pair  of  allelomorphic  characters. 

This  was  recognised  by  Sutton,^  who  was  thus  led  to  make  a  more 
careful  study  of  the  whole  division  process  in  Brachystoh,  paying 
particular  attention  to  the  positions  assumed  by  the  chromosomes. 
He  says  (p.  233),  "the  results  gave  no  evidence  in  favour  of  the 
parental  purity  of  the  gametic  chromatin  as  a  whole.  On  the  contrary, 
many  points  were  discovered  which  strongly  indicate  that  the  position 
of  the  bivalent  chromosomes  in  the  equatorial  plate  of  the  reducing 
division  is  purely  a  matter  of  chance,  that  is,  that  any  chromosome 
pair  may  be  with  maternal  or  paternal  chromatid  indifferently  towards 
either  pole,  irrespective  of  the  positions  of  the  other  pairs,  and  hence 
that  a  large  number  of  different  combinations  of  maternal  and  paternal 
chromosomes  are  possible  in  the  mature  germ-products  of  an  individual." 
The  view  that  the  gametes  may  contain  both  chromosomes  of 
paternal  and  of  maternal  origin  is  strongly  supported  by  the  recent 
results  obtained  by  Valentin  Hacker  in  his  study  of  certain  Copepotia, 

•  "On  tlie  Morphology  of  the  Ghromo(K>me  Group  in  Brachystola  maf/na,*' 
'Biol.  Bull./ 1904,  Tol.  4.' 

t  **  Spermatocyte  Divisions  of  the  Locustidae,"  *  Kansas  Univ.  Quart.,*  1902, 
▼ol.  11,  Xo.  8  (contains  other  references). 

t  *  Bull.  Torrey  Bot.  Club,'  December,  1902. 

S  «*  The  Chromosomes  in  Heredity,"  *  Biol.  Bull.,'  1903,  vol.  4,  No.  5,  p.  ^51. 

II  Cannon,  loc.  eiL,  p.  660. 

f  ''The  Cbromo0ome§  in  Heredity,"  '  Biol,  Bull.,'  1903,  ▼o\.  4,  li^o.  ^. 
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He  showed  in  1892*  that  in  Cydqps^  as  in  Asearis  and  other  forms, 
the  two  germ  nuclei  do  not  fuse  in  fertilisation,  but  give  rise  to  two 
separate  groups  of  chromosomes  which  lie  side  by  side  in  the  spindles  of 
the  dividing  nuclei.  BiickerJ/t  was  able  to  trace  the  paternal  and 
maternal  groups  into  the  later  stages  of  cleavage.  Both  observers 
have  shown  that  the  two  distinct  groups  of  chromosomes  appear  also 
in  the  germinal  vesicle.} 

Hacker§  has  since  traced  the  autonomy  of  the  paternal  and  maternal 
chromatin  in  Cydnps  from  fertilisation  up  to  the  formation  of  the  modier- 
cells  of  the  gametes ;  and  the  double  structure  of  die  nuclei  at  the 
maturation  divisions  is  such  that  he  is  able  to  show  *'das  die  Vierer- 
gruppen  auf  der  einen  Seite  der  Scheidewand  vaterlichen,  auf  der 
ande(ren  miitterlichen  Urspruiigs  sind"  (p.  341).  In  the  ^secundaren 
Keimblaschen  "  the  paternal  and  maternal  chromosomes  pass  between 
one  another  ''in  einer  ganz  gesetsmassigen  Quadrillen-ahnlichen 
Ordnung  "  (p.  342),  with  the  final  result  that  '<  Wfihrend  der  Bireifnng 
von  Cyclops  findet  eine  Umordnung  der  Chromatinelemente  in  der 
Weise  statt,  dass  die  Eizelle  in  gleichmassiger  Mischung  grossvaterliche 
und  grossmiitterliche  Elemente  erhalt"  (p.  374). 

llie  regularity  observed  by  Hacker  in  the  movements  of  the 
chromosomes  at  the  reduction  division,  leading  as  it  does  to  a  sym- 
metrical distribution  of  the  chromosomes,  may  be  our  first  indication 
of  a  more  comprehensive  symmetry  which  probably  underlies  the  pro- 
duction of  the  different  types  of  gametes  in  Mendelian  hybrids.  "  It 
is  impossible  to  be  presented  with  the  fact  that  in  Mendelian  cases  the 
cross-bred  produces  on  an  average  equal  numbers  of  gametes  of  each 
kind,  that  is  to  say,  a  S3rmmetrical  result,  without  suspecting  that  this 
fact  must  correspond  with  some  S3nnmetrical  figure  of  distribution  of  the 
gametes  in  the  cell  divisions  by  which  they  are  produced"  (Bateson).|| 

On  the  hypothesis  that  the  segregation  of  characters  occurs  at  the 
reduction  division,  we  shall  expect  that  the  mitoses  in  a  Mendelian 
hybrid  will  be  perfectly  regular,  and  in  our  present  condition  of 
inability  to  recognise  qualitative  differences  between  chromosomes 
alike  in  form,  we  should  fiuther  expect  that  the  mitoses  will  differ  in 
no  vmhle  way  from  those  of  the  pure  paternal  and  maternal  races. 
CannonIT  has  shown   this   to   be  the  case  in   race-hybrids  of  Pimm 

*  "Die  Eibildung  bei  C^dopg  und  Canikocampmit"  *  Zool.  Jahr.,'  1892,  toI.  5. 

+  "  Uebcr  des  Selbst&ndigbleiben  der  Taterliclien  u.  miitterlicben  Kernsubstanx, 
et<!.,"  '  Arch.  f.  Mikr.  Anat.,*  1895,  vol.  46. 

I  See  Wilson, '  The  Cell,'  2nd  edit.,  1902,  p.  299 

§  "  Ueber  das  Schioksal  der  elterliohen  u.  grosselterlichen  Kernanteile,"  *Jena 
Zeitschr.,*  1903,  toI.  87,  p.  297;  a  review  in  *Zool.  Zentralbl.,*  1908,  Jahrg.  10, 
No.  11,  p.  365. 

,}  'Mendel's  Principles  of  Heredity,'  Cambridge,  1902,  p.  30. 
T  "The  SpenDAtogeneaU  of  Hybrid  Peas,"  *BuU.  Torrey   Bot.   Club/    1903, 
roJ,  SO,  p.  519. 
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mlmim^  a  result  which  is  confirmed  by  my  own  observations  upon 
nce-hybrids  of  Lathfrus  odoraius^  for  the  material  of  which  I  am 
indebted  to  Mr.  Bateson. 

Farther  light  upon  this  question  may  be  expected  from  the  study 
of  hybrids  between  races  which  differ  from  one  another  either  in  the 
morphology  or  number  of  the  chromosomes.  The  only  observations 
upon  this  point  are  those  of  Rosenberg*  on  the  hybrid  Drosei-a  hngifolia 
X  Drosera  rohmdifoUa, 

The  number  of  chromosomes  characteristic  of  the  vegetative  and  of 
the  reduction  divisions  respectively  in  the  former  is  20  and  10 ;  in 
the  latter,  40  and  20.  In  the  vegetative  cells  of  the  hybrid  30 
(t.tf.9  10  +  20)  chromosomes  appear.  In  the  formation  of  the  pollen 
of  the  hybrid  there  occur  three  types  of  nuclei,  all  of  which  may  occur 
in  the  same  pollen-sac.  Commonly  15  bivalent  chromosomes  appear, 
but  in  many  cases  there  are  20  (as  in  D,  rotwuiifolia),  and  in  two 
cases  Rosenberg  observed  10  (as  in  D.  longifolia).  He  was,  however, 
unable  to  determine  whether  dissimilar  numbers  of  chromosomes 
appear  in  the  daughter  nuclei  of  the  same  pollen  mother-cell.  Tlie 
investigation  is,  therefore,  not  sufficiently  complete  at  present  to 
permit  a  useful  discussion  of  the  results. 

The  sterility  which  characterises  many  hybrids  follows  upon  the 
abortive  development  of  the  sex  cells,  and  the  suggestion  has  been 
madet  that  this  may  be  due  to  the  inability  of  the  hybrid  to  separate^ 
in  the  formation  of  the  gametes,  the  characters  which  were  united  in 
the  hybrid  zygote.  It  is  well  known  that  sterile  plant-hybrids  are 
particularly  characterised  by  abortive  development  of  the  pollen,  or 
(in  the  case  of  the  hybrid  Fern  described  by  Farmer^)  of  the  spores. 

Among  the  offspring  of  a  race-hybrid  of  Lathyrus  odorahis  fertilised 
with  its  own  pollen,  Mr.  Bateson  obtained  a  number  of  individuals 
which  failed  to  form  good  pollen.  In  the  plants  with  coloured  flowers 
the  sterility  was,  with  a  few  exceptions,  correlated  with  the  develop- 
ment of  a  somatic  character — the  sterile  plants  generally  possessing 
a  green  leaf  axil,  while  the  fertile  coloured  plants  with  rare  exceptions 
had  red  axils.  In  these  plants  the  divisions  of  the  vegetative  cells  are 
quite  normal,  as  are  also  those  of  the  archesporium  up  to  the  forma- 
tion of  the  pollen  mother-cells.  The  irregularity  makes  its  appearance 
only  in  the  heterotype  division. 

The  longitudinal  fission  of  the  spireme  takes  place  quite  normally, 
but  the  segmentation  into  chromosomes  is,  if  carried  out  at  all, 
irregular,  and  the  pollen  mother-cells  degenerate.  Since  the  equation 
divisions  are  quite  normal,  this  would  seem  to  indicate  that  the  union 

*  "  Dm  Yerhslten  der  Ohromosomen  in  einer  hybriden  Pflanxe/'  '  Ber.  d. 
DeotMh.  Boi.  Oetelltoh.,'  1908,  ¥01.  21,  p.  110. 

t  Bateson  and  Saunden,  Report  to  EToluiion  Committee,  I,  p.  148. 
X  *  Annalt  of  Botanj/  1897,  roL  11,  p.  588. 
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of  the  chromosomes  in  synapsis  is  such  as  to  prevent  any  suljse- 
quent  separation,  the  result  being  that  no  sex-cells  can  be  organised, 
since  the  essential  condition  of  a  qualitative  separation  of  the  chromatin 
is  not  fulfilled. 
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In  a  previous  communication*  it  was  stated  that  the  electrical  signs 
of  secreto-motor  action  'by  tetanisation  of  the  sciatic  nerve  are 
demonstrable  in  the  pads  of  a  cat's  foot  after  death,  best  so  daring 
the  second  half-hour  after  death,  when  the  action  of  the  nerve  upon 
muscles  of  the  limb  has  ceased. 

The  subsequent  study  of  these  effects,  by  means  of  electrometer 
records,  has  brought  out  with  great  distinctness  the  chief  classical 
events  with  which  we  are  familiar  in  the  case  of  the  contraction  of 
voluntary  muscle,  viz.,  the  latency  and  course  of  a  single  response 
to  a  single  stimulus,  the  super-position  of  two  or  more  responses  and 
the  composition  of  tetanus,  summation  of  stimuli,  fatigue  and  recovery, 
and  the  staircase  phenomenon.  The  difference  between  the  muscular 
and  the  secreto-motor  series  of  phenomena  is  principally  a  difference  of 
time,  the  former  being  about  100  times  more  rapid  than  the  latter. 

I  may  preface  the  description  by  stating  that  I  have  experimentally 
satisfied  myself  that  the  electrical  effects  are  in  reality  of  glandular 
origin.  The  response  is  completely  abolished  by  atropine,  and  it 
is  restricted  to  the  pads  (glandular)  of  the  skin,  being  completely 
absent  from  the  hairy  (non-glandular)  skin,  i.e.,  it  is  not  a  pilo-motor 
concomitant. 

The  description  itself  will  be  best  given  by  means  of  the  following 
electrometer  records  of : — 

1 .  A  single  response  to  show  the  latent  period  and  duration  of  the 

response. 

2.  A  series  of  single  responses  to  show  staircase  phenomenon. 

3.  A  series  of  four  responses  to  show  composition  of  tetanus. 

4.  A  series  exhibiting  post-nurrtem  decline. 

•  '  Proc.  Roy.  Soc.,'  November,  1901,  "  On  Skin-currenta.     Part  II. — Obserra- 
f'/cng  on  Cats/*     The  electrical   effect  of  indirect  exeitatioD  is  alwajs  ingoing 
through  the  skin.     This  direction  has  been  convention^Wy  Vindicated  throughout 
tb IB  paper  by  a  downwAvd  movement  of  the  nxercury  coYmttv-dl. 
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5.  A  series  to  exhibit  the  relation  between  magnitude  of  stimulation 

and  magnitude  of  response. 

6.  A  single  response  before  and  after  tetanus  to  illustrate  '*  facilita- 

tion "  (Bahnung). 

7.  A  single  response  before  and  after  tetanus  to  illustrate  fatigue. 

8.  A  series  to  illustrate  summation  of  stimuli. 

9.  A  series  to  show  the  difference  between  infrequent  and  frequent 

stimuli. 

No  special  comment  upon  the  records  appears  to  be  necessary, 
beyond,  perhaps,  a  remark  to  the  effect  that  *'  summation  of  stimuli,'' 
as  distinguished  from  *^  summation  of  effects,"  is,  by  reason  of  the 
great  length  of  the  latent  period,  a  particularly  evident  phenomenon. 
The  latent  period  itself  has  its  seat  at  the  organ  of  intermediation 
between  nerve  and  secreting  cell,  as  is  shown  by  the  absence  of 
deamnatrable  lost  time  to  direct  excitation  and  along  the  nerve  itself. 
The  deelining  excitability  of  the  secreto-raotor  nerve  fibres  is  very 
evidratly  in  the  centrifugaJ  direction,  stimulation  of  the  nerve  nearer 
to  the  periphery  being  effective  after  stimulation  further  from  the 
periphery  has  c-eased  to  be  effective. 

Similar  effects  are  obtainable  on  nerve-skin  preparations  of  the  frog, 
"  summation  of  stimuli "  and  **  staircase  effect "  being,  as  in  the  case  of 
the  cat,  particularly  evident. 


^h 


exit 


0  5  fO  15  :>e:j 

Fio.  1. — Cat.     Nerre-Bkin  response  to  a  single  induction  shock  40  minutes 

post-mortem. 
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Fio.  2. — Cat.  Six  nerre-Bkin  responses  to  single  induction  shocks  of  imifonis- 
strength.  Staircase  increase  from  0*0165  to  0*0195  volt.  (Tlie  initial  d6llectioc:s> 
is  that  of  a  standard  tuTJ^^^  toU.) 


L^ft* 


^ 


30 


^O  sees. 


Fig.  3.— Cat.    35  minutes  ^o«/-fMor^0m.    Imperfect  tetanus  by  four  instantaneous 
muke-break  induction  shocks  at  interrals  of  about  5  seconds. 
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iOsecs, 


Fia.  i. — Cftfi  pad.  SO  to  65  minutes  powt^morlem.  Fire  single  responses  to  exci- 
liftion  of  tne  sciatic  nerre  bjr  instantaneous  make-break  induction  shocks  at 
intervala  of  ^mroximatelj  10  minutes.  The  dotted  line  shows  the  curre  giren 
by  Tiv^  ^ol^  through  the  preparation  and  electrometer. 

Time  Magnitude  of 

fo&i  wmriem.  Latency.  response. 

80  mins.  1  '4  sec.  0  -0128  yolt. 

40     „  1-6  „  0  0100    „ 

48     „  1-7  „  0-0080    ,. 

65  „  1-8  „  0-0048     ., 

66  „  2-0  „  0  0018    „ 


39 


30 


-w 


60 


60  sees    70 


Fie.  5. — Besponses  to  single  shocks  of  increasing  and  diminishing  strengthH. 
1  \\o\xT  post-mortem. 

Voltage 
of  response. 
0  0005 
0-0015 
0-0090 
0  0030 
0-00S5 


Strength 
of  stimuhttion, 


2,000 
3,000 
4,000 
6,000 
10,000 


Strength 

Voltage 

of  stimulation. 

of  resiwnse. 

10,000 

0  0090 

5,000 

0  0015 

4,000 

0-0015 

3,000 

0  0010 

2,000 

Nil 

N.B.— This  electrometer  record  is  not  verj  :«aii4faetory,  as  the  magnification  was 
taken  too  low.  The  following  series  of  numbers  observed  witliout  record  with 
higher  magnification  45  minutes  post-mortem  is  a  better  one  : — 


Strength 

Voltage 

Strength 

Voltace 

of  stimulation. 

of  response. 

of  stimulation. 

of  TC*\iOli%<J . 

1,000 

Nil 

4,000 

o-vy^v\^ 

£,000 

0-0016 

5,000 

0  -OY^v* 

3,000 

o-ooss 

10,000 

Oft  ^C>8\« 
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3mins. 

^^^ 
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QC 


oc* 


¥lQ.  6.— EfFeeto  of  a  nngle  shook,  S.S.,  before  and  after  tetaaiaation  for  i  minute. 

Befoie -  0*0116Toli. 

(During  tet «0-OaOO    „    ) 

After »  0*0155    ,, 


iS.5. 


TeCtS^iSdrhn 


i35.  iT; 


/J 


/5 


Fie.  7. — Effects  of  a  single  shock,  S.S.,  before  and  after  strong  tetanisation  for 

1  minute. 

Before »  0*0188  volt. 

(Duringtet »  0*0288    „) 

After. =0-0017    „ 

A  Becond  tetanisation  at  T  giTes  onl^  O'OQi^l  xolt. 
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Fio.  8.— To  illiutate  summation  of  stimiili.    SiFeots  of  1,  2,  8,  8,  2,  1 

inttontaneous  make-break  shocks. 

Response  to  1  shock =0  -0085  volt. 

2  „     =  0-0097     „ 

8      =0-0180    „ 

3  „     =0-0120    „ 

2      „     =0-0087    „ 

1      ,.     =-  0-0028    „ 


o  /o  ao  50  -w  50  60     5ec5. 7o 

Fig.  9. — To  show  that  the  effect  of  frequent  is  greater  than  that  of  infrequent 
stimuli.  The  first  response,  aroused  by  five  shocks  at  an  int^^rval  of  2  seconds, 
is  an  incomplete  tetanus  with  a  maximum  value  of  0*0040  volt.  The  second 
and  third  responses  are  each  to  five  nliocks  at  an  interval  oi  abovit  -\Q^X\  ^e^OTi^, 
and  reach  maximum  values  of  0  0123  and  0'0120  volt. 
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Addendum,  December  10, 1903. 

*V\\p  Utoiit  period  and  the  duration  of  the  response  are  smallei 
itlMh  t0liiperature,  greater  at  low  temperature.  And  under  sim 
(miutilldiii  the  voltage  of  the  response  is  greater  at  high  than  at 
U»iu|int'uturo.  These  three  points  are  illustrated  by  fig.  10  of  a  sir 
I  «M|MMiMO  from  the  left  foot  enclosed  in  a  cool  chamber  at  +  9*",  and  fi 
itm  ri>(ht  f<M)t  enclosed  in  a  warm  chamber  at  +  35**. 


10 

A-. 

20           30           40 

&osec5. 

0 

K)             eO             S09( 

r — ' — ^ 

Vblt. 

[r 

r 

-coio 

Cold  (ST). 

1  /    Warm  <  S5*). 

IPia.  10. — Cftt.    Nerre-skin  response  to  a  single  induction  shock  at  d'^  and  at  3^ 

the  surrounding  air. 


Ck>ld. 


Warm. 


Latent  period |         4  sees.  1  -5  sees. 

Duration  of  response. ...         SO    „  10  -0    „ 

Biaximum  roltage 0  0065  yolt.        0  0122  Tolt. 


ITie  progressive  alterations  exhibited  by  fig.  10  are  no  do 
influenced  by  the  falling  temperature  that  normally  occurs  in  a  1 
after  arrest  of  the  circulation. 
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"On  the  Effects  of  Joining  the  Cervical  Sympathetic  Nerve  with 
ihe  Chorda  Tympani."  By  J.  K  Langley,  F.R.S.,  and 
H.  K.  Anderson,  M.D.  Received  January  26, — Read 
February  4, 1904. 

It  is  well  known  that  the  cervical  sympathetic  nerve  and  the  chorda 

tympani  have  opposite  actions  upon  the  blood-vessels   of  the  sub- 

maidllary  gland,  the  former  causing  contraction  of  the  vessels,  and 

the  latter,  dilatation.     Evidence  has  been  given  by  one  of  us*  that  the 

chorda  tympani  if  united  with  the  cervical  sympathetic,  can  in  time 

make    connection    with    the    nerve  cells    of    the    superior    cervical 

ganglion  and  become  in  part  vaso-constrictor  fibres.     Our  experiments 

haye  been  directed  to  determine  whether  the  cervical  sympathetic  if 

allowed  an  opportunity  of  becoming  connected  with  the  peripheral 

nerve  cells  in  the  course  of  the  chorda  tympani  will  in  part  change 

their  function  from  vaso-constrictor  to  vaso-dilator.     Two  experiments 

were  made  on  ansssthetised  cats,  both   give  similar  results,  but  one 

'   was  much  more  conclusive  on  the  point  at  issue  than  the  other,  and 

here  we  shall  speak  of  that  only.     The  superior  cervical  ganglion  was 

excised  and  the  central  end  of  the  cervical  sympathetic  nerve  was  joined 

^  the  peripheral  end  of  the  lingual,  which  contains  the  chorda  t3mipani 

fibres.    After  allowing  time  for  union  and  regeneration  of  the  nerves, 

^e  cervical  sympathetic  was  stimulated ;  it  caused  prompt  flushing 

^i  the  sub-maxillary  glands,  and  the  effect  was  repeatedly  obtained. 

The  experiment  shows  we  think  (1)  that  vaso-constrictor  nerve 
fibres  are  capable  of  making  connection  with  peripheral  vaso-dilator 
^erve  cells,  and  becoming  vaso-dilator  fibres,  and  (2)  that  whether 
Contraction  or  inhibition  of  the  unstriated  muscle  of  the  arteries  occurs 
On  nerve  stimulation,  depends  upon  the  mode  of  nerve-ending  of  the 
post-ganglionic  nerve  fibre. 

The  cervical  sympathetic  gave  a  less  scanty  and  more  prolonged 
secretion  than  normal,  so  that  some  of  its  nerve  fibres  had  become 
connected  with  the  peripheral  secretory  nerve  cells  of  the  chorda 
tympani. 

A  full  account  will  l)e  published  later  in  the  *  Journal  of  Physiology.' 

*  Langley,  *  Journal  of  Physiology,'  1898,  vol.  23,  p.  267. 
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"  The  Longitudinal  Stability  of  Aerial  Gliders."  By  G.  H.  Bryan, 
Sc.D.,  F.B.S.,  and  W.  R  Williams,  B.Sc.,  University  College 
of  North  Wales.  Beceived  June  18,— Bead  June  18,  1903,— 
Beceived  in  revised  form  January  7,  1904. 

1.  InirodueHon. 

The  main  difficulty  connected  with  the  attempt  to  fly  by  means  of  a 
machine  heavier  than  air  is  that  of  longitudinal  stability.  It  is  not 
difficult  to  construct  an  aeroplane  system  which  shall  be  fmnsversdif 
stable. 

But  for  this  difficulty  the  problem  of  artificial  flight  would  probably 
have  been  solved  already.  Experiments  in  gliding  under  gravity  have 
been  always  made  with  machines  not  too  large  to  be  kept  balanced 
by  the  skill  of  the  experimenter,  and  the  glides,  though  undoubtedly 
successful,  have  been  of  short  duration.  Experiments  have  invariably 
stopped  short  of  the  performance  of  continuous  flight  by  a  mechanically 
propelled  machine. 

The  problem  of  artificial  flight  is  hardly  likely  to  be  solved  untQ  th^ 
conditions  of  longitudinal  stability  of  an  aeroplane  system  have  beeim. 
reduced  to  a  matter  of  pure  mathematical  calculation. 

A  theoretical  investigation,  even  if  calculated  under  conditions 
slightly  different  to  those  occurring  in  nature,  will  serve  as  a  basis 
of  comparison  by  which  experimental  results  can  be  co-ordinated  an<j 
interpreted  in  their  true  light. 

The  object  of  these  investigations  is  (1)  to  show  that  the  longitudina.1 
stability  of  aeroplane  systems  can  he  made  the  subject  of  mathematica.1 
calculation;   (2)   to  draw  the  attention   of  those  interested  in  th^ 
problem  of   artificial    flight  to  the  necessity  of    acquiring    further 
experimental   knowledge   concerning  the    quantities    on   which    this 
stability  is  shown  to  depend. 

2.  General  Ini'fstigation  of  the  Longitudindl  Stafnlittf  of  any  SifmiHetrical 
Aeroplane  St/ifiem, 

Consider  any  system  of  aeroplanes,  ha\'ing  a  plane  of  symmetry, 
descending  in  a  vertical  plane,  in  air  or  in  any  resisting  medimn 
whatever.  To  specify  the  motion  (which  we  suppose  to  be  two- 
dimensional)  choose  two  axes  at  right  angles  fixed  in  the  l)ody,  ha^'ing 
the  centre  of  gravity  as  origin. 

The  motion  will  be  completely  determined  if  at  ever}-  instant  we 
know — 

(1)  the  angle  6  which  the  axis  of  .r  makes  with  the  vertical.* 

(2)  the  velocity  components  n,  r,  of  the  l)ody  along  the  two  axes. 

*  This  angle  i»  supposed  measured  from  the  doiomrard  dratrn  Tertical  in  th^ 
poBitire  direction.  The  axis  of  y  must  \>e  ditt.Yni  a&ore  the  horizontal  at  an 
inclination  of  0, 
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The  angular  velocity  of  rotation  of  the  body  will  be  ddjdt  or  6. 

We  shall  use  m  to  denote  the  mass  of  the  body,  rrik^  its  moment  of 
inertia  about  the  centre  of  gravity. 

Whatever  be  the  law  of  resistance,  the  resistances  of  the  air  on  the 
several  parts  of  the  system  will  in  general  be  functions  of  ti,  v  and  d. 
These  resistances  are  always  equivalent  to  two  forces,  which  we  shall 
call  mX  and  mY,  along  the  axes,  and  a  couple  mG  about  the  origin,  so 
that  X,  Y,  G,  denote  the  forces  and  couple,  divided  by  the  mass  of 
die  body. 

The  equations  of  motion  of  the  body  are-^ 


m 


(du      d6\  ti       V 

_-„_.j  =  ^C08  6»-mX, 

(5  +  *^=  -»«^8in6»-mY, 


at* 


(!)• 


In  9kadii  nwticn  u,  v  and  6  are  constant,  and  equations  (1)  give 

O  =  ^cos^-X,    0=  -^sind-Y,     0  =  -G   (2). 

Knowing  the  forms  of  the  aeroplanes  and  other  parts  of  the  system 
and  the  law  of  resistance,  X,  Y,  G  are  known  functions  of  t/,  v  and  A 
Moreover,  in  steady  motion,  ^  =  0. 

Equations  (2)  thus  determine  the  values  of  u,  v,  6^,  for  steady 
motion. 

FludtuUions  about  Steady  Motion.— We  must  now  examine  what 
happens  when  the  system  is  slightly  disturbed  from  its  state  of  steady 
motion.  Let  the  disturbance  be  represented  at  time  t  by  small 
increases  Su,  ^,  S$  in  the  values  of  u,  r,  $,  and  let  tio,  t^o»  ^o  ^  ^^^iv 
values  in  steady  motion,  so  that  in  the  disturbed  motion, 

u  =  tio  +  Sw,        V  =  t7o  +  8t;,         0  =  $q  +  86. 

Also  let  Xq,  Yo,  Go  be  the  forces  and  couple  in  the  steady  state ; 
then  in  the  disturbed  state  we  have,  neglecting  small  quantities  of  the 
second  order, 

X  =  Xo  +  «w— +  8t;'^  +  86>^  (3), 

du  dv  dO 

and  two  similar  equations  for  Y  and  G. 

We  shall  denote  differential  coefl&cients  such  as  d^ldu  .  ,  .  dGtjdd 
by  X,  ...  G,  . 

Substituting  in  the  equations  of  motion,  we  obtain,  to  the  first 
order, 


to  vAve  thtae  equatMnia,  pnt 

Salwtitatiiig,  diTiding  by  c",  and  iManmgiDg  the  terms,  we  hare 
P(A+X«)+QX,+B(XX«  -  Xeo+gaaOo)  -  0, 
PY,+Q(X+Y,)+E(AYi  +  Xti,-t-yeoe^)  -  0, 

BUminstiiig  P,  Q,  B, 

X+X«    ,        X,  ,  -X«^  +XX«  +gian0o 

T„       ,    X+Y,  ,  Aiio+XY#+<7COB*«        =0    (4). 

G«       »       G,  ,»  X«ifcs  +  XGj 

If  the  determinant  he  expanded  in  powers  of  X  we  get  an  equation 
of  the  form 

AX*  +  BX«  +  CX2  +  DX  +  E  =  d    (4a), 

where 

A  =  *», 

B  =  *»(X«+Y,)  +  G4, 

e  =  *«(X„Y,  -  X,Y„) + f>oG,  -  «oG,  -  X#  G„  -  Y*  6„ 

D  =  «o(X,Gu-X«6,)+fv,(Y,6„-Y«G,),  j.    (5). 

-gan  *oG„  -geoB  OoQ, + Yj  (X^„  -  X«G,) 
-  X,  (Y^„  -  Y.G,) + Qi  (XuY,  -  X,Y„), 

E  =  ^  cos  e,  (X,G«  -  X,G,)  -ganeo  (Y,G„  -  Y„G,), 

In  many  cases  it  is  possible  to  take  the  axes  of  co-ordinates,  so  that 
$0  shall  be  zero,  and  also  that  Y  and  its  differentials  shall  vanish.  ■  In 
such  cases  the  coefficients  take  the  following  simple  forms : — 

A  =  *2, 

B  =  A»X„+Gi, 

C  =  »o6„-««6,-XiG„,       i- (6). 

D  =  «o(X,G«-X„G,> - gG«  [ 
E  =  ?(X,Gu-X„G.\  \ 
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Eqnation  (4)  or  (4a)  is  the  period  equation  for  Bmall  fluctuaticmv 
about  steady  motion. 

In  order  that  the  steady  motion  may  be  stable,  the  roots  of  this 
biquadratic  must  either  be  real  and  negative,  *or  complex  with  their 
real  parts  negative,  and  Bouth*  finds  that  this  will  be  the  case  if  the 
six  quantities 

A,'B,  C,  D,  E,  and  BCD-AD^-EB^, 

are  all  of  the  same  sign.  Since  A  is  essentially  positive  the  remaining 
five  quantities  must  all  be  positive.     We  shall  denote  the  last  quantity 

by  a 

3.  General  Theorems  A 

(1)  The  general  transformation  formulae,  connecting  the  nine  co- 
efidcients  Xu  .  .  .  G^  referred  to  any  given  system  of  axes  with  those 
referred  to  any  other  system  of  axes,  may  be  easily  written  down  and 
need  not  be  discussed  here. 

(2)  The  work  of  calculating  these  coefficients  for  a  given  system 
may  be  reduced  if  the  resistance  is  proportional  to  the  square  of  the 
velocity,  for  X,  Y,  G  will  then  be  homogeneous  quadratic  functions  of 
tt,  9,  d,  and  Euler's  theorem  of  homogeneous  fiuictions  gives,  remember- 
ing that  00  =  0  and  applying  (2), 

uXtt  +  vXo  =  2<7  cos  0, 

ttY„  +  vYo  =  -2^7  sin  0, 

uG«  +  «<J»  =  0. 

(3)  If  V  is  the  velocity  of  gliding,  the  coefficients  mX«  .  .  .  rtiQe  are 
all  linear  functions  of  V  for  a  given  angle  of  gliding.  But  mg  being, 
in  steady  motion,  equal  to  the  vertical  resistance,  is  proportional  to  V^. 
Hence  if  m  be  eliminated,  the  values  of  X,e .  .  .  G^  are  inversely 
proportional  to  V.     In  this  case 

A  is  independent  of  V, 
B  is  of  dimensions  V-*, 
Cisof  formP  +  QV-2, 
D  is  of  dimensions  V~^ 
E  is  of  dimensions  V"*-, 

and  the  expression  H  or  BCD-AD^-EB*^  assumes  the  form 
PV-2  +  QV-*.  Thus  the  conditions  of  stability  C  >  0  and  H  >  O 
impose   limits   on   the   value   of  V-,  the   remaining  conditions   only 

♦  Boutb,  *  Adyanccd  Rigid  Dynamics,*  p.  167. 

t  This  Bection  and  also  the  subsequent  parts  enclosed  in  \_ "\  \3iw^  \«i<i\v 

rewritten  October  27,  1903.' 
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depend  on  the  form  and  dimensions  of  the  machine  and  the  angle  of 
gliding. 

We  shall  now  show  how  the  nine  coeflkients  X«i . .  .  G#  can  be 
calculated  for  a  system  of  aeroplanes  if  'the  laws  of  variation  of  the 
resultant  pressures  and  of  the  positions  of  the  centres  of  pressure  are 
known.  We  shall  assume  that  the  resultant  pressure  on  a  plane 
lamina  yaries  as  the  square  of  the  velocity,  and  acts  in  a  direction 
normal  to  the  lamina. 

We  may  therefore  write 

E  =-  KSVy(a), 

where  S  is  the  area  of  the  lamina,  V  the  velocity,  and  a  the  angle 
between  the  plane  of  the  lamina  and  the  direction  of  motion,  R  a 
constant  depending  on  the  units  employed. 

The  function  /  (a)  has  been  determined  by  Langley*  for  certain 
rectangular  planes. 

Also,  let  the  distance  of  the  centre  of  pressure  from  the  centre 
of  figure  be  o^  (a),  2a  being  the  breadth  of  the  lamina. 

Experiments  to  determine  <^  (a)  for  square  planes  have  been  made 
by  Joeselyt  Kummer,^  and  Langley,§  and  Kummer  has  also  experi- 
mented on  oblong  planes,  with  their  longe  side  in  the  direction  of 
motion. 

Their  results  show  a  certain  amount  f  discrepancy,  and  there 
appears  to  be  considerable  difficulty  in  obtaining  consistent  results 
at  small  inclinations. 

Further  experiments  are  very  necessary,  and  it  is  to  be  hoped  that 
more  attention  will  be  given  to  determinations  of  <^  (2),  when  their 
importance,  as  affecting  the  stability,  has  been  recognised. 

Experiments  show  that  /(fit),  <l>{a)  are,  to  a  first  approximation, 
independent  of  the  translational  velocity  of  the  lamina,  but  the  effects 
of  a  rotational  angular  velocity,  d,  have  never  been  considered. 
It  would  not  be  difficult  to  determine  these  effects  by  experiments 
with  a  whirling  table,  making  6  the  angular  velocity  of  the  table. 
Failing  such  experiments,  these  effects  must  be  neglected,  and,  as  ^  is 
zero  in  the  steady  motion,  and  only  small  oscillations  are  considered, 
they  are  probably  small.  When  the  system  consists  of  a  number  of 
planes  rigidly  connected  together,  we  may  now  write  the  component 
forces  and  couple  in  the  form 

mX  =  2KSiViy(ai-)8,)cosi»i 

7nY  =  2KSiVi2/(ai~)80  8in)8i  J>  (7), 

mG  =  SKSiViy  (ai  -  fi,)  {pi  +  a^<l>  (a,  -  A)} . 

•  *  Experiments  in  Aerodynamics/  p.  62. 

t  Joesel,  '  Memorial  du  Genie  Maritime/  1870. 
t  *  Berlin  Akad.  Abhandlungen,*  lS15,\\i7G. 
§  Loc.  cii.,  p.  90. 
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where  Si  is  the  area,  2ai  the  breadth  of  the  lamina,  £1,1/1  the  co- 
ordinates of  its  centre,  Vi  the  resultant  velocity  of  its  centre, 
ai  =  tan"^  Ui/v^  the  angle  which  the  direction  of  motion  makes  with 
the  axis  of  y,  Pi  the  angle  which  the  plane  of  the  lamina  makes  with 
the  axis  of  y,  so  that  (ai  -  /?i)  is  the  angle  between  the  plane  and 
the  direction  of  motion  of  the  centre  of  mass,  and  finally, 
Pi  =  71  cos^i  +  fi  sin^i. 

The  summation  is  to  be  extended  over  all  the  planes  of   the 
system. 

If,  now,  u,  V  he  the  component  velocities  of  the  centre  of  gravity 
the  velocities  u^  Vi  of  the  centre  of  the  lamina  vrill  be  given  by 

1*1  =  u-rji^,        Vi  =  v  +  $i6, 

I 

^     and  for  steady  motion,  since  tf  =  0,  wi  =  w,  Vi  =  r. 

We  may  therefore  write  the  expressions  for  the  forces  in  the  form 

wX  =  2KSi(tii2  +  t;i2)/(tan-iMiM-i8i)cos)8i 

=  2KSi(tt2  +  t^-2t*i/id  +  2rfi^)/|tan-i  (?i-?^)  ^ 

neglecting  terms  in  &-. 
Similarly, 

wY  =  2KSi(ti2  +  t^-2wi;d  +  2t^^id)/(tan-i/?i::^)-i8i)  sinft, 

^  W  +  fi^/         J 

mGt  =   -  2KSi  (1*2  4.  i;2  _  2^1/1^  -f  2u$i6)f  |  tan-i  (-  "-9^^)  -  ft  } 

Differentiating  these  Expressions  with  respect  to  «,  v,  6  we  have : — 
wX„  =  2  [KS,  (2u  -  ^i(?)/(ai  -  /J,)  cos  /3,  +  KS,r,/'  (aj  -  )8,)  cos  ^8,] ; 
or,  since  ^  =  0  in  the  steady  motion, 

y;iX„  =  2  [2KS,u/(a,  -  Ih)  cos  ^i  +  KS,(/' (aj  -  ^8,)  cos  ^8,]. . . .  (8), 

Similarly, 
j«X,  =  ^  [2KSii/(a,  -  iSi)  cos  j8,  -  KSi«/'(ai  -  )8i)  cos  )8,], 
j-,Y„  =  2[2KSiu/(ai-)8,)sini8,  +  KSi?/'(a,-i8,)8inj8,], 
jhY,  =  2  [2KS,»/(a,  -  )8,)  sin  jSj  -  KS,w/'(ai  -  )8,)  sin  /3,], 
wXi  =  2  [2KS,  ( -  «vi  +  '^^i)/(«i  -  Pi)  cos  ^1 

-  KSi  (VTJi  +  ll^,-)  i'  ^OLv  -  P^^  'i'i*  ^^^ 


106  Dr.  G.  H.  Bryan  and  Mr.  W.  E.  Williams.         [Jan.  7, 

mYi  =  2  [2KSi  (  -  t*iyi  +  t^f  i)/(ai  -  ^i)  sin  ^i 

-  KSi  (wn  +  «fe)/'(ai  -  A)  am  ft], 

wiGm  -  2[-2KSi(«-in^/(ai-i8i){i?i  +  fli*(ai-/8i)} 

-  KSiri/'(ai  -i8i){|^  +  ai*(ai  -  ft)} 

-  KSri/(ai  -  Pi)  fli*'(ai  -  iSi)]. 

Since  in  the  steady  motion  0  »>  0, 

ue.,    2(i4?  +  t^)2KSi/(ai-i8i){|h  +  ai*(ai-/8i)}-0. 

wiG«  =  v2[  -  KSi/'(«i  -  iSi)  {pi  +  ai*(ai  -  ft)} 

-  KSi/(ai  -  /8i)ai*'(*i  -  Al 
niG.  =  ii2[KSi/'(«i-i8i){|?i  +  ai*(ai-i8i)l 

+  KSi/(ai  -  iSi)  ai*'(ax  -  ft)], 

iwGt  =  2[-KSi/'(«i-ft)(-wn  +  uft){|>  +  ci*(ai-ft)} 

-KSi/(ai-ft)(-wn+iifi)ci*'(«i-A)]. 

4.  Numerical  CalcMtoHons  ftr  PasHeidar  Cams.    Singh  Lammcp* 

We  now  consider  the  stability  of  certain  particular  ajnatems, 
beginning  with  a  single  plane  lamina. 

Since  the  lamina  is  falling  steadily  under  gravity,  its  placs  must 
necessarily  be  horizontal. 

Take  the  axis  of  y  parallel  to  this  plane,  then  ^  =  0,  )3  =  0,  and, 
therefore,  Y  =  0;  also,  for  equilibrium,  rf -^ e^  (a)  =  0. 

The  coefficients,  therefore,  becoine 

mXu  =  2KSM/(a)  +  KSt;/Xa), 

mX^  =  2KS«;/(a)-KSu/'(a), 

mXs=  -2KS(Miy-t'f)/(a)  +  KS/'(a)H  +  ttfl, 

wGu  =   -KSv/(a)a«^'(a), 

wGi  =   -KSa/(a)(r.y  +  t«^)a<^'(a). 

£x.  1.— Consider  a  square  plane,  balanced  so  as  to  fly  at  an  angle 
of  10%  with  the  centre  of  gravity  in  the  plane,  and  suppose  its  radius 
of  gyration  given  by  k-  =  ^a^. 

Professor  Langley's  results  give  for  this  particular  angle 

/(a)  =  0-3,  /'(a)  =  1-6, 

and  from  JoeaeYa  formula 

^  (a)  =  0-4:%  ^  (a)  =   -  0-5a,         .\  y\  =  ^A^a. 
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u  =  V8ina  =  017V, 


V  =  0-98V. 


Substituting  these  values  in  the  above  expressions  for  Xu 
have 

mXa  =  1-66KSV,  mGu  =  Ol7KSVa, 
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we 


inXv 
fnX# 


0-32KSV, 
0-73KSVa, 


mG,  =  -003KSVa. 
ffiGe  =  009KSVa«. 


Substituting  these  values  in  the  expressions  for  A,  B,  C,  D,  E,  given 
in  §  (2),  and  remembering  that  by  the  conditions  for  steady  motion 
mg  =  B[SVy(a),  we  obtain 


C  =  18a- 1340  a2/V2, 
36400  a/V2, 


a* 


A  =  Ja2,  B  =  92  a2/V, 

D  =  295a/V,  E 

and  therefore 

H  =  BCD  -  AD2  -  EB2  =  4-8 . 1 05  ^  -  3 -6 . 1 07 

-4-3.  10*1^-308.  10«~. 

This  expression  will  be  positive  if  V^  >  774a,  and  this  condition  will 
also  make  C  positive.  The  glider  will  therefore  be  stable  if  its 
velocity  is  greater  than  ^(7 74a),  the  units  being  feet  and  seconds. 

Ex.  2. — Let  us  now  take  the  angle  of  gliding  to  be  35',  and  assume  as 
before  k^  =  ^  a^.    At  this  angle  we  have 


/'(a)  =0-6, 
f  (a)  =  0-5. 

mGu  =  0-35KSVa, 
mG„  =  0-21KSVa, 
niGe  =  0-08KSVa. 


/(a)  =  0-84, 
<t>{ci)  =  0-26, 

^  With  these  values,  we  have 

mXu  =  1-34KSV, 
mX,  =  MKSV, 
mX^  =   -0-lKSVa, 

Substituting  in  the  expressions  for  A,  B,  etc.,  we  have 

A  =  ^a^  B  =  27  a2/V, 

C  =  15-2a  +  50  a2/V2,  D  =  380  a/V  +  240  a/V  =  620  a/V, 

E  =  25600  a2/V2,  H  =  5600  a8/V2-  17400000  a^/Vl 

The  latter  is  positive  when  V^  >  3100a,  which  is  therefore  the  con- 
dition oi  stability. 
^^.  3.— Let  us  now  take  an  oblong  plane  lamina  •,  lYiei  \«X\3kfc%  cA  ]  K^ 


I- 

ha 

1- 


108  Dr.  a  H.  Bryan  and  Mr,  W,  R  Williamft,        [Jan.  7. 

are  giTen  by  Langley  for  a  lamina  of  30^'  by  4-8"  the  shorter  aide 

being  in  the  plane  of  motion.  In  the  absence  of  any  information  as  to 
^  (a),  we  shall  assume  (whether  correctly  or  iricorrectly)  the  same 
values  as  for  square  planes. 

Let  the  moment  of  inertia  be  given,  m  before,  by  ^  —  ^K 

For  an  angle  of  10^  we  have 

c^(a)  -  0-49,  f  (a)  =  0^59. 

Substituting  these  values  iti  the  expressions  for  the  coefficients^  ire 
have 

mXu  -  1"6KSV,  mQ,,  =  0'26KSVa, 

mXi  =  0  56KSVa,  j^<i  -OlSKSVa^, 


Substituting  again  in  the  expressions  for  A,  B,  C,  D,  and  £,  w^ 
have,  assiuning  ^^  =  ^a\ 

A  =  *»  =  ia2,  ^ 

B  =  k^Xu  +  Ge  =  i(l-6^  +  0-13a2)KSV  =  GOaVV, 

C  =  t<J„  -«G„-X«G„  =  19-4a-760a2/V2, 
D  =  tt(X„G„  -  X«G„)  -  50„  =  280a/V, 
E  =  ^(X„G„-X„G„)  =  35000a/V2. 

Therefore 

H  =  3-2. 105^^-1-2. 107^^-3-9. 10*^-3-1-2. 10»^^^. 

This  is  positive  if  V^  >  470a,  which  is  therefore  the  condition  of 
stability. 

5.  Gliders  Faimied  of  two  Planes. 

Proceeding  now  to  consider  the  stability  of  systems  made  up  of 
several  planes  rigidly  connected  together,  we  shall  first  consider  the 
stability  of  a  gliding  system  supported  on  two  slats  Si  S2,  which  are 
80  narrow  that  displacements  of  their  centre  of  pressures  due  to  varia- 
tions of  the  angles  of  incidence  of  the  vdnd  may  be  neglected. 

^1  V2 


We  shall  6r8t  suppose  that  the  two  slats  &tq  in  the  same  plane,  and 
tAat  the  centre  of  gravity  is  also  in  this  plane. 
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Patting  ^(a)  :=  0  and  )9i  =  )32  "=  0  in  the  expressions  of  §  (3),  we 
have  all  the  Yb  equal  to  zero  and 

f»X„  =  K(Si  +  S2)(2tt/(a)  +  t;/'(a)),    (9) 

wiX.  =  K  (Si  +  S2)  (2f/(a)  +  uf  (a)), 
mX0  =   -K(Siiyi  + 821/2)  (2t*/a  +  t?/'a), 
wiG„  =   -  Kvf  (a)  (Siiyi  -f  821/2), 
wGt,  =  Kt(/"'(a)(8ii;i  +  82i?2), 
mGi  =  W  (a)  (81171^  +  827/22). 

Now  for  equilibrium  we  must  have 

811/1  +  821/2  =  0. 

In  this  case,  0«,  O9,  and  X«  vanish,  and  therefore,  from  (6),  we  see 
that  the  coefficients  C,  D,  E,  will  be  zero,  and  the  equilibrimi  is  critical 
or  neutral. 

[This  result,  which  is  also  evident  from  first  principles,  holds  good 
equally  when  the  centre  of  gravity  is  not  in  the  plane  of  the  laminae. 
In  order  to  make  the  system  really  stable,  the  laminae  must  be  inclined 
at  small  angles  to  the  line  joining  their  centres. 

Calling  these  angles  P^  and  ^2,  neglecting  <^  (a),  and  writing 
a  =  a  -  j8p  (l'  ^  OL  -  )32,  we  get  in  the  equations  (8), 

wiX„  =  K28i(2w/(a)  +  t;/(a'))cos)3i, 

wX„  =  K28i(2t;/(a')-<(a'))co8ft, 

wXi  =   -  K2Sii/i  (2?//(a  )  +  vf  (a'))  cos  ^x, 

mYu  =  K2Si(2w/(a)  +  f;/'(a'))8inj8i, 

mY^  =  K28i  (2i/(a')  -  <(a'))  sin  )Si, 

mYk  =   -  K2Sii/i  (2K/(a')  +  vf  (a!))  sin  )S„ 

A/iG„=  -Ki;2Si;>i/'(a'), 

?nG„  =  Kw2Sii?^/"(a), 

wG^  =  Kr28ii/ii?i/'(a'). 

The  conditions  for  steady  motion  give 

0  =  i(:Si/(a  )  sin  ^^  +  A:S2/(a")  sin  /?.>, 
wr7/V2  =  ^•Sh/(a')  cos  j^i  +  k^tf  {^')  cos  jSo, 
0  =  ^Si/(a')  7/1  cos  ft  +  /:So/(a")  t/.j  cos  /Jo. 

With  these  substitutions,  those  of  the  nine  coefficients  X^i  .  .  .  G^  wVivAi 
vanish  in  the  limiting  case  of  copJanar  laminae  are  gwetv  \>^ 
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Xi^Gt*^_G.     _g_  jm_  r/V)  _/Vl  \ 

Yu^_r,       g  sin^i  sin  ft  f  />)  J\^'') \ 

and  ail  expresrion  for  Y^ ,  which  m  not  required. 

The  remaining  eoefficiente  may  for  a  first  approximatioii  be  taken 
the  8/1  me  413  in  (9),     We  notice  the  following  points. 

(1)  The  expressions  for  X^,  Yu,  Yp,  Gu  and  G^,  contain  the  factor 
/'(a) //{a')  -  f  (a!')  I  f  (a*).  In  the  laws  of  resistance  commonly 
assumed  /'  (a)  //(st)  decreases  as  a  increases,  and  this  coefiicient, 
therefore,  becomes  negative  if  a'<  a\  i.e.,  if  the  two  planes  slope  towards 
each  other  a'  refemng  to  the  front  plane.  This  is  the  case  in  a  gliding 
machine  fiimiBhed  with  a  rudder,  if  the  rudder  is  til  tad  slightly 
upwards.  In  such  cases  r]*  must  be  negative,  hence  X«  and  Gu  are 
positive,  Ytt  and  Gu  are  negative, 

(2)  If  Pi  and  iBs«re  ol  tiie  fint  order  of  mai  ^piaiititieB,  ^i  -  fi^ 
also  being  of  the  first  order,  the  expresrions  X«,  0«  and  G«  are  of  the 
first  order,  but  ¥«  and  Y«  are  of  the  second  order,  and  hence  equations 
(6)  give  approximately  the  five  coefficients  A,  B,  G,  D,  E. 

(3)  The  fifth  stabiUty  condition  H  >  O  appears  at  first  sight  difficult 
to  reconcile  with  the  smallness  of  the  coefficients  C,  D,  E  for  small 
inclinations  of  the  planes,  as  B^E  is  of  a  lower  order  of  small  quantities 
than  BCD.  To  satisfy  this  fifth  condition,  however,  the  important 
thing  is  to  make  E  small  compared  with  G.  Now  C  will  be  found  to 
consist  of  two  parts,  one  independent  of  Y  and  the  other  negative  and 
proportional  to  l/V^,  while  E  is  proportional  to  1/V*,  hence  stability 
can  best  be  secured  by  making  V^  sufficiently  large.] 

(4)  If  the  planes  are  not  infinitely  narrow,  it  will  be  found  that 
Xtt,  Xr,  Y„,  Y„  are  the  same  as  before,  and  -  wi6„/r,  and  wiG„/u  are 
both  increased  by  2KSiai  (/'(a')  <^  (a')  + /(a')  «^' (a  )).  This  will  have 
the  effect  of  altering  C,  E,  D  in  the  same  proportion,  and  will,  there- 
fore, not  alter  the  stability,  except  when  a  =  0,  when  the  additional 
term  will  prevent  EiD  from  becoming  zero.  Ge  is  increased  by  the 
term  t;2KjSiaiiyi {f'{ci)<l>(a)  +/(a )<^'(a )).  This  term  will,  in  general, 
be  negative,  and  therefore  G^  will  be  diminished,  which  will  have  the 
effect  of  diminishing  B. 

6.  Examples  of  Two-Plane  Gliders. 

We  shall  now  assume  certain  particular  values  for  the  dimensions  of 
gliders  of  this  form,  and  proceed  to  calculate  the  conditions  of 
stability. 

Ex,  4. — Let  us  first  consider  the  case  of  the  two  slats  of  equal  area 
set  at  angles  such  that 
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Then  we  have  from  Langley's  results, 

/(a')  =  0-56,  /'(a')  =  1, 

fia!')  =  0-28,  f(oi")  =  2-5; 

a/(a")  =   -ri2f{vi); 


for  equilibrium 


therefore,  if  we  put  rji  =  a,  we  have  172  =  2a.   Let  k^  be  assumed  =  2ci^. 
Substituting  in  the  expressions  for  Xu,  etc.,  we  have 


fnXu=^  3-6KSV, 
mX„  =  IKSV, 
mXs  =  4KSVa, 
and  therefore. 


2a2, 


D  =  2721 , 


B  »  680 


V' 


mGu  -  4KSVa, 
mG^  =  0-7KSVa, 
mGi  =  llKSVa2, 

C  =.  156a-22800a2/V2, 


E  =  297000 1-2 ,     H  =  2.7.10«^^-l-4.107|'^ 


-2-9.1010- -1-3.1011?^. 


V4     V*- 

This  is  positive  if  V*  >  590a. 

Ex.  5. — Let  us  now  take  the  case  of  two  equal  square  planes  inclined 
at  a  small  angle  to  each  other. 


Let 


a=  10^        pi=   -5^         )32  =  5% 


and  let  2a  be  the  breadth  of  either  plane. 
For  these  angles  we  have 


/(ai-^i)  =  1-7, 
/'(a2-A)  =  l-8, 
<^'(ai-iSi)  =  0-6, 
<^'(ai-i«>)  =  0-58. 


/^(ai-ft)  =  0-44, 
/(a2-i»2)  =  0-15, 
<^(ai-i8i)  =  0-45, 
<t>  (a2  -  ^^2)  =  0-55, 
For  equilibrium  we  must  have 

/(^i  -  A)  {^i  +  «<^  (ai  -  /^O!  =  /(a2  -  ft)  {^2  +  «^  (a2  -  ft); , 

whence 

Srji  +  rj.2  =  0-28a; 

therefor^^  i/  we  put  V2  =  -  ^a,  we  have  t^i  =  l*4a.    L^t  k*^  \i^  ^vsswkslsA 
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to  be  »  4a^.     Snbetitating  these  valaes  in  the  expressions  for  the 
coeffiksients,  we  have 


mX«  =  3-6KSV, 
t»X*  =  0-68KSV, 
mX#  =  l-SKSVo, 
mG«  =  2-61KSVCI, 
mG#  =  30KSVa«. 


mYu  =  0-02KSV, 
mY,,=  -OIKSV, 
mYi  =  0-OOKSV, 
wiGe  =0-44KSVa, 


Substituting  again  in  the  expressions  for  A,  B,  G,  D,  E,  we  obtain, 
putting  It?  =  4ka\ 


A  =  4a^ 


D  =  2500 


B 


23901", 


C  =  142a- 13700 


V^' 


V' 


E  «  284000 


v«- 


H  is  positive  if  V^  >  2000a,  which  is  the  condition  of  stability  for 
this  form  of  glider. 

By  putting  /  =  7'4((,  /  represents  approximately  the  extreme  length 
of  the  glider,  and  the  condition  of  stability  reduces  to  V^  >  270/. 

Ex.  6. — Consider  next  the  case  of  two  unequal  square  planes, 
inclined  at  an  angle,  and  in  the  first  case  suppose  that  the  smaller 
plane  is  in  front. 

Let  S  and  S'  be  the  respective  areas,  and  suppose  S  =  lOS'. 

Let  2a  be  the  breadth  of  the  large  plane,  and  2(r/3'l  that  of  the 
smaller,  also  let  the  distance  between  the  centres  be  equal  to  3a ;  and 
let  k^  =  aK 

Let  the  angle  a  between  the  large  plane  and  the  direction  of  motion 
1)0  10°,  and  let  the  angle  between  the  two  planes  be  also  10^  so  that 
the  small  plane  is  inclined  at  an  angle  of  20^  to  the  direction  of 
motion. 

Then  we  have 

/(a)  =  0-3,  /'(a)  =  1-6,  <^(a)  =  0-49,  <i>\a)  =  0-59, 

/(a  +  )3)  =  0-5,   /'(a  +  iS)  =  1-57,    <f>(x  +  P)  =  0%    ^'{a,-\-P)  =  0*56. 

For  equilibrium  we  have,  if  »;  l>e  the  distance  ))etween  e.g.  and  centre 
of  large  plane, 

S/(a)  (»;  -  a<^(a))  =  S7(a  +  /^)  (6  +  «'  <^  (a  +  )8)  -  ,,)• 
Therefore       >/  =  0-94^/,  so  that  t/i  =  A  -  >;  =  2*06(/. 
Substituting  in  the  expressions  for  X,„  etc., 
mXf,  =  J  -87  KSV,         ;/?X,  =  0-41  KSV,         ///X^  =  1-4  KSVa, 
mG,,  =  0-57  KSVa,       mG^  =  0097  KSV  a,     laV^e  =  V\^¥v^Ya^. 


1904.]         The  LongUvdirujil  Stability  o/AericU  Oliders. 


113 


Substituting  these  values  in  the  expressions  for  A,  B,  etc.,  assuming 
that  k^  =  «2,  we  have 


A  =  a\ 


D  =  917 


B  =  273 


V 


C  =  50-8^-15050 


V2' 


V 


E  =  120000 


y2» 


H 


..a' 


118.10^— -123. 10»^^. 


This  will  be  positive  if  V^  >  1040a.     This  condition  will  also  make 
C  positive,  and  is  therefore  the  condition  of  stability. 

Ex.  7. — Let  us  now  suppose  the  small  plane  to  be  placed  behind  the 
other 


'X 


being  inclined  to  it  at  an  angle  of  5^  the  direction  of  motion  again 
making  an  angle  of  10°  with  the  large  plane  and  k-  being  =  a^,  as 
in  Ex.  6. 
In  this  case  we  have 

/(a)  =  0-3,        f{x)  =  1-6,       ^(a)  =  0-49,       <^'(a)  =  ^-59, 
/(a)  =  0-17,     /(a)  =  1-8,      <^(a')  =  0*55,      </>' (a )  =  0-6. 

If  the  distance  between  the  centres  of  the  planes  be  3a,  the  condi- 
tions of  equilibrium  give 


i;  =   -  0-35a, 

Substituting,  we  obtain 

mXu  =  l-9KSVa, 
mX,  =  0-41  KSVa, 
mX    =  0-65  KSVa, 


A  =  ((^ 


D  =  1780 


V' 


B  =  233 1 


80000 


V2' 


r)i  =   -2-65rt. 

mGu  =  6-33  KSVa, 
mGv  =  0-056  KSVa, 
mGe  =  l-32KSVa-\ 

C  =  34-8a-2400^^, 

H  =  12.10«^'-3.10'-'|-'. 


H  will  be  positive  if  V-  >  250(^ 

The  condition  of  stability  is  therefore  that  V  >   ^/(250a). 

[7.  Effect  of  Monte  id  of  Inertia  on  Stability, 

It  will  be  seen  from  (5)  that  the  radius  of  gyration,  k-,  occurs  only 
in  the  expressions  for  A,  B,  the  first  two  coefficients  of  the  deter- 
minantal  equation.  We  have  A  =  /»-,  B  =  ^- (Xti  +  ¥„)  +  G^.  In  all 
the  cases  considered  X„  +  Y^  and  G^  are  positive,  aud  iVv^relQi^  tAvft.-^'e. 
two  coefBcicnta  are  positive  for  nil  values  of  fc'^. 
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Taking  the  expression 

H=  BCD-AD2-.EB2, 
it  may  }ye  written 

CrX4^  -  ECV-'  +  Jc^  ;(Xu  +  Vv)  CD  -  D2  -  2  (X«  +  Y,)G^E}  -  iH(X«  +  Yr^E. 

H  is  therefore  increased  with  increase  of  k-  if 

(X„  +  Yr)  (CD  -  2G^E)  -  D2  -  2^'  (X„  +  Y^)  E  >  0. 

At  the  critical  velocity,  if  H  =  0,  this  becomes 

CDGi  +  (X„  +  Y.)2E/.^<  EG^^. 

Unless  this  condition  is  fulfilled,  the  critical  velocity  given  by  H  =  0 
increases  with  increase  of  k-. 

In  all  the  numerical  examples  considered  above,  CDG#  >EQ«*and 
E  is  positive,  so  that  the  critical  velocity  is  increased  by  increasing  Jfc^. 
Thus  in  Ex.  (1)  ^'^  was  taken  equal  to  ^a-,  and  the  critical  velocity 
obtained  was  ^(77 4a) ;  if,  instead,  we  had  taken  k-  =  a^,  the  critical 
velocity  would  have  been  ^(1240a). — Jan,,  1904.] 

8.  Cliaracfer  of  the  Flmtuations  alxnU  Steaihf  Motion,     Mode  in  which  the 

System  Overturns, 

The  character  of  the  fluctuations  about  steady  motion  depends  on 
the  nature  of  the  roots  of  the  biquadratic  (4a),  the  expressions  for  the 
displacements  8w,  6r,  ^0  l^eing  evidently  of  the  following  forms : — 

For  roots  all  real    .  • ci^^i'  +  c^e^^*  +  c^^^*  +  c^i^*. 

For  roots  two  real,  two  imaginary    . . .     c\e^^^  +  C2e^»'  +  ye^^  cos  (fit  -  c). 

For  two  pairs  of  imaginary  roots yic^i'  cos  {P\t  -  ci) 

+  yoe^^  cos  (P^  -  €2). 

The  last  form  indicates  two  different  sets  of  undulations  of  different 
lengths.  Photographs  of  the  paths  of  gliders  taken  by  magnesium 
light  distinctly  show  these  two  undulations,  thus  confirming  our 
theory. 

An  important  further  consequence  is  that  a  glider  may  perform 
undulations  decreasing  in  amplitude,  corresponding  to  a  pair  of  complex 
roots  of  the  biquadratic  with  their  real  part  negative,  but  the  motion 
may  be  unstable  through  the  other  roots  having  their  real  part  positive, 
or  one  or  both  of  them  being  real  and  positive.  This  indicates  a  real 
danger  in  experimenting  with  gliders. 

Stability  may  be  broken  either  if  a  real  root  of  the  equation  (4a) 
changes  from  negative  to  positive,  or  if  the  real  part  of  a  pair  of 
inary  roots  changes  from  negative  to  positive. 
?  eondhion  for  the  latter  is   that  H  =  0,  whereas  a  real  root 
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changes  sign  if  E  =  0.  If  stability  is  broken  by  a  fall  of  velocity  the 
only  quantities  which  can  vanish  are  H  and  C,  of  these  H  is  more 
difficult  to  make  positive  than  C,  and  hence  it  appears  that  the  most 
likely  way  for  a  glider  to  overturn  in  general  is  by  commencing  with 
a  series  of  oscillations  of  increasing  amplitude.  This  again  agrees  with 
experiments. 

9.  Concliudoiis, 

1.  For  a  glider  or  other  body  moving  in  a  vertical  plane  in  a 
resisting  medium  of  any  kind  whatever,  the  small  oscillations  about  a 
state  of  uniform  rectilinear  motion  are  determined  by  an  equation  of 
the  fourth  degree,  so  that  the  conditions  for  stable  steady  motion  are 
those  obtained  by  Routh. 

2.  The  coefficients  in  the  period  equation  involve,  in  addition  to  the 
ordinary  dynamical  constants,  nine  quantities  X„  .  .  .  G^,  which,  when 
referred  to  rectangular  axes  fixed  in  the  body,  represent  the  differential 
coefficients  of  the  forces  and  couple  due  to  the  aerial  resistances  with 
respect  to  its  translatory  and  rotatory  velocity  components. 

3.  In  the  case  of  a  system  of  aeroplanes  these  nine  quantities  can 
be  expressed  for  the  separate  planes  in  terras  of  /'(a)  and  <^'(*)» 
where  /(a)  and  ^(a)  are  functions  determining  the  resultant  thrust, 
and  the  position  of  the  centre  of  pressure  when  the  direction  of  the 
relative  motion  of  the  air  makes  an  angle  a  with  the  plane.  These 
functions  have  been  tabulated  for  certain  different  forms  bf  surfaces, 
but  further  data  are  greatly  needed. 

4.  The  longitudinal  stabiliii/  of  the  gliders  ut  thus  seen  to  be  capable  of 
tnathematical  investigation^  and  it  is  of  paramount  importance  that  the 
present  methods  should  be  practically  applied  to  any  aerial  machines 
that  may  be  designed  or  constructed  before  any  actual  glides  are 
attempted. 

5.  The  methods  of  calculation  are  exemplified  by  niunerical  deter- 
minations of  the  criterion  of  stability  in  the  cases  of  a  single  plane 
lamina  and  a  pair  of  planes  one  behind  the  other.  Most  of  the  calcula- 
tions have  been  performed  for  an  angle  of  gliding  of  10°  with  the 
horizon,  and  it  has  been  necessary  to  assume  arbitrary  values  for  the 
moment  of  inertia  of  the  lamina. 

6.  The  condition  that  any  steady  linear  motion  may  be  sta]>le  in  all 
these  cases  assumes  the  form  V-  >  ka^  where  a  is  a  constant  depending 
on  the  linear  dimensions  of  the  glider,  and  /.*  is  a  constant  depending 
on  its  shape,  the  angle  of  gliding  and  the  law  of  aerial  resistance. 

7.  For  a  pair  of  narrow  slats,  in  which  the  variations  in  the  positions 
of  the  centres  of  pressure  of  each  arc  neglected,  certain  coefficients  of 
stability  vanish.  If  the  planes  are  square  so  that  the  displacements 
of  the  centres  of  pressure  are  not  neglected,  the  system  is  less  stable 
than  a  single  phne  of  breadth  equal  to  one  of  t\ie  sc^vxat^ia. 

«y.  By  inclining  the  planes  at  a  small  angle  to  eact  otYvev  \Xvvi  ^\A!iNy^\X»^ 
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is  much  increased.    On  the  other  hand,  if  they  are  made  to  dope  away 
from  each  other  the  glider  becomes  unstable. 

9.  Two  square  planes  of  equal  siise  placed  one  behind  the  other  at  a 
small  angle  are  less  stable  in  the  examples  considered  than  a  square 
equal  in  size  to  one  of  the  two,  but  more  stable  than  a  single  square 
whose  side  is  equal  to  the  totol  length  of  the  glid«r  formed  by 
the  pair. 

10.  A  pair  of  unequal  squares  of  which  the  smaller  forms  a  rudder 
are  more  stable,  in  the  examples  considered,  when  gliding  with  the 
rudder  behind  than  with  the  rudder  in  front. 

11.  In  general,  the  stability  is  increased  by  making  the  moment  of 
inertia  as  small  as  possible. 


"  Cultural  ExperimentB  with  *  Biologic  Forms '  of  the  Erifsiphacem" 
By  Ernest  S.  Salmon,  F.L.S.  Communicated  by  Professor 
H.  Mabshall  Ward,  F.RS.  Received  December  2, 1903,— 
Bead  Febiniary  4.  1904. 

(Abstract.) 

In  the  introductory  remarks  the  author  points  out  that  through 
specialisation  of  parasitism  "  biologic  forms  "  have  been  evolved  in  the 
Ei-ysiphacece  which,  both  in  their  couidial  (asexual)  stage  and  ascigerous 
(sexual)  stage,  show  specialised  and  restricted  powers  of  infection. 
The  powers  of  infection,  characteristic  of  each  "  biologic  form,"  are 
under  normal  conditions  sharply  defined  and  fixed,  and  hitherto  the 
result  of  the  experiments  of  numerous  investigators — both  in  regard 
to  the  present  group  of  fungi  and  to  the  Uredinece^  where  the  same 
specialisation  of  parasitism  occurs — has  been  the  accumulation  of 
evidence  tending  to  emphasise  the  immutability  of  "  biologic  forms." 

The  second  part  of  the  paper  gives  the  result  of  cultural  experi- 
ments with  "  biologic  forms  "  of  E^i/siphe  Gmniinis  DC.,  carried  out 
during  the  past  summer  in  the  Cambridge  University  Botanical 
Laboratory.  It  has  been  found  that  under  ceiiain  methods  of  culture, 
in  which  the  vitality  of  the  host-Uaf  is  interfered  with,  the  restricted  powers  of 
infection,  characteristic  of  "  biologic  forms,**  break  dovm. 

In  the  first  method  of  culture  adopted,  the  leaf,  which  was  either 
attached  to  a  growing  plant,  or  removed  and  placed  in  a  damp 
chamber,  was  injured  by  the  removal  of  a  minute  piece  of  leaf-tissue. 
In  this  operation  the  epidermal  cells  on  one  surface,  and  all  or  most 
of  the  mesophyll  tissue,  were  removed  at  the  cut  place,  but  the 
epiderma]  cells  on  the  other  surface  (opposite  the  cut)  were  left  un- 
in fared.  Conidia  were  sown  on  the  cutkwW  svMrl'AC^^  of  the  uninjured 
epidermal  cells  over  the  cut.     In  a  lew  cxpefimew^s  \\i^  ^W!i\^^  ^«t\i 
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8own  on  the  internal  tissues  of  the  leaf  exposed  by  the  cut,  and  these 
gave  the  same  results. 

Using  this  method  of  culture,  over  fifty  successful  experiments,  of 
which  details  are  given,  were  made.  In  these  the  conidia  of  certain 
"  biologic  forms  "  were  induced  to  infect  "  cut "  leaves  of  host-species 
which  are  normally  immune  against  their  attacks. 

The  experiments  proved  that  the  raAge  of  infection  of  a  "  biologic 
form  "  beconjes  increased  when  the  vitality  of  a  leaf  is  affected  by 
injury,  and  also  that  species  of  plants  "  immune "  in  nature  can  be 
artificially  rendered  susceptible. 

Further  experiments  showed  that  the  ronulia  of  the  fungua  produced 
on  a  ^^  cut "  leaf  are  able  at  once  to  infect  fnlly  uninjured  leaves  of  the  same 
host-species. 

In  other  experiments,  a  method  suggested  by  Professor  H.  Marshall 
Ward,  with  the  object  of  avoiding  lesion  of  the  leaf,  was  adopted. 
Leaves  were  injured  by  touching  the  upper  epidermis  for  a  few  seconds 
with  a  red-hot  knife,  and  conidia  were  sown  on  the  injured  place.  It 
was  found  that  the  cells  immediately  surrounding  the  place  of  injury 
were  rendered  susceptible  to  the  attacks  of  a  "  biologic  form  "  which  is 
unable  to  attack  uninjured  leaves  of  the  plant  in  question. 

In  the  third  part  of  the  paper,  dealing  with  general  considerations, 
the  following  hypothesis  is  advanced  as  to  the  actual  manner  in  which 
the  injury  to  a  leaf  causes  it  to  become  susceptible  to  a  "  biologic 
form  "  otherwise  unable  to  infect  it.  It  is  supposed  that  the  leaf-cells 
of  each  species  of  host-plant  contain  a  substance  or  substances — 
possibly  an  enzyme — peculiar  to  each  species  which,  when  the  leaf  is 
uninjured  and  the  cells  are  vigorous,  are  able  to  prevent  the  successful 
attack  of  any  mildew  except  the  om  "  biologic  form  "  which  has 
become  specialised  to  overcome  the  resistance.  When  the  vitality  of 
the  leaf,  however,  becomes  affected  by  injury,  this  sul>stance  is 
destroyed,  or  becomes  weakened,  in  the  leaf-cells  in  the  neighbourhood 
of  the  injury,  so  that  the  conidia  of  other  "  biologic  forms  "  are  now 
able  to  infect  them. 

The  author  suggests  that  injuries  to  leaves,  caused  in  nature  by 
hail,  storms  of  wind,  attacks  of  animals,  etc.,  may  produce  the  same 
effect  as  the  artificial  injuries  described  above  in  rendering  the  injured 
leaf  susceptible  to  a  fungus  otherwise  unable  to  infect  it.  Conidia 
produced  on  these  injured  places  would  be  able  to  infect  uninjured 
leaves,  and  would  spread  indefinitely.  Such  may  be  the  explanation 
of  a  common  phenomenon — the  sudden  appearance  of  disease  caused 
by  parasitic  fungi  on  plants  hitherto  immune. 

A  case  is  described  which,  it  is  believed,  gives  evidence  that  the 
injuries  produced  by  Aphules  caused  leaves  previously  "  immune  "  to 
become  susceptibla. 

In  the  concluding  remarksy  refereuce    is  made  lo  tXie  va\Vvw\^<<>v^a\avi 
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foroes   concerned    in    the    evoluticm   of   a.  "biologic   form,"    viz., 
"  specialising  factors  "  and  "  generalising  factors." 

Attention  is  also  drawn  to  the  dose  parallel  between  (1)  the 
bdaviour  of  the  fungus  in  the  experiments  in  iriaeh  the  conidia  were 
sown  on  the  tissues  of  the  leaf  exposed  by  the  out;  and  (2)  the 
biological  facts  obtaining  in  the  class  ol  parasitic  fui^  known  as 
"  wound  parasites  "  (Nedria^  Ptziza  fciUkammUf  etc.),  which  are  able  to 
infect  their  hosts  only  through  a  wound. 


**  On  the  Origin  of  Parasitism  in  Fungi"  By  George  Massee, 
Principal  Assistant,  Herbarium,  Boyal  Gardens,  Kew.  Com- 
muuicated  by  Sir  Willia.m  T.  Thisslton^Dyeb,  KC.M.G., 
C.LK,  F.RS.   Keceived  January  11,— Bead  February  4, 1904. 

(Abstract.) 

Up  to  the  present  no  definite  explanation  has  been  offered  as  to  why 
a  given  parasitic  fungus  is  often  only  capable  of  infecting  one  particular 
species  of  plant.  This,  however,  is  well  known  to  be  the  case,  for 
although  the  spores  of  fungus  parasites  germinate  freely  on  the  surface 
of  any  plant  when  moist,  infection  only  takes  place  when  the  spores 
germinate  on  the  particular  species  of  plant  on  which  the  fungus  is 
known  to  be  parasitic.  This  apparently  selective  power  on  the  part  of 
the  fungus  I  consider  to  be  due  to  chemotaxis. 

An  extensive  series  of  experiments  were  conducted  with  various 
species  of  fungi,  including  Saprophytes,  facultative  parasites,  an<l 
obligate  parasites,  and  the  results  are  given  in  tabulated  form  in  the 
full  paper.  The  chemotactic  properties  of  substances  occurring 
normally  in  cell-sap  were  alone  tested ;  among  such  may  be  enumerated 
saccharose,  glucose,  asparagin,  malic  acid,  oxalic  acid,  and  pectiise.  In 
those  instances  where  the  specific  substance,  or  combination  of 
substances,  in  the  cell-sap  assumed  to  be  chemotactic  could  not  be 
procured,  the  expressed  juice  of  the  plant  was  used. 

These  experiments  proved  that  saprophytes  and  facultative  parasites 
are  positively  chemotactic  to  saccharose,  and  this  substance  alone  is 
sufficient  in  most  instances  to  enable  the  germ-tubes  of  facultative 
parasites  to  penetrate  the  tissues  of  a  plant,  unless  prevented  by  the 
presence  of  a  more  potent  negatively  chemotactic  or  repellent  substance 
in  the  cell-sap. 

As  an  illustration,  Botiytis  dim^eu^  which  attacks  a  greater  numlxjr  of 
different  phnts  than  any  other  known  parasite,  cannot  infect  apples, 
although  saccharose  is  present,  on  account  ol  tW  iptes^wee  of  malic 
i  which  is  JwgHtively  chemotactic  to  tbe  geTm-tuXyaa  ol  Botrxjix^, 
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In  the  case  of  obligate  parasites  the  cell-sap  of  the  host-plant  proved 
to  be  the  most  marked  positive  chemotatic  agent.  Malic  acid  is  the 
specific  substance  that  attracts  the  germ-tubes  of  Monilia  fructigena  into 
the  tissues  of  young  apples ;  whereas  the  enzyme  pectase  performs  the 
same  function  for  the  germ-tubes  of  Cercospora  cucumis,  an  obligate 
])arasite  on  the  cucumber. 

Immune  specimens  of  plants  belonging  to  species  that  are  attacked 
by  some  obligate  parasite  owe  their  immunity  to  the  absence  of  the 
substance  chemotactic  to  the  parasite. 

Purely  saprophytic  fungi  can  be  educated  to  become  parasitic,  by 
sowing  the  spores  on  living  leaves  that  have  been  injected  with  a 
substance  positively  chemotactic  to  the  germ-tubes  of  the  fungus 
experimented  with.  By  a  similar  method  of  procedure,  a  parasitic 
fungus  can  be  induced  to  attack  a  different  species  of  host-plant. 

These  experiments  prove  what  has  previously  only  been  assumed, 
namely,  that  parasitism  in  fungi  is  an  acquired  habit. 

A  series  of  experiments  prove  that  infection  of  plants  by  fungi 
occurs  more  especially  during  the  night,  or  in  dull,  damp  weather. 
This  is  due  to  the  greater  turgidity  of  the  cells,  and  also  to  the  presence 
of  a  larger  amount  of  sugar  and  other  chemotactic  substances  present 
in  the  cell-sap  under  those  conditions. 
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"A  New  Metliod  of  netecling  Electrkvil  OsdlktiGnsi/'  By  J.  A. 
EwiNG,  LLD.,  RFLa,  and  L.  H.  Waltkr.  ILA.  TIeceived 
January  11, — Read  February  11,  1904. 

The  magnetic  detet'tor  of  Rutherford,*  though  now  well  known, 
appears  to  have  created  little  inter^t  nntil  attention  was  directed  to 
the  subject  by  Marconi's  ailaptation  of  the  methofi  to  his  telephonic 
■detector.  Marconi's  uppiiatue  employs  the  change  of  hysteresiSp 
which  is  produced  in  iron  by  the  inftnence  of  elet-tric  osctLlattoni^ 
irhen  these  are  caused  to  pass  through  a  coil  surrounding  the  iron,  tht 
(change  being  made  manifest  by  means  of  ti  telephone.  In  his  viaw, 
the  electric  oscillation i*  act  by  reducing  the  bystaresiB.  t 

It  occurred  to  us  to  exhibit  thca  alteration  in  hysteresis  by  a 
different  method,  namely^  by  applying  the  principle  which  is  ujsod  in 
an  iristrumefit  invented  some  years  .'igo  hy  one  of  us  for  the  mechanical 
measurement  of  hysteresis.  In  that  instrument^  the  hysteresis  is 
measured  by  the  mechanical  couple  between  a  magnetic  field  and  the 
iron,  when  either  the  iron  or  the  magnet  providing  the  field  is  caused 
to  revolve.  Thus^  if  the  field  revolves,  the  iron  tends  to  be  dragged 
after  it,  as  a  consequence  of  hysteresis  in  the  reversals  of  its  magnetism, 
and  if  the  motion  is  prevented  by  a  spring  or  other  control,  it  assiunes 
a  deflected  position.  Suppose,  now,  the  electric  oscillations  to  act  on 
it,  any  change  of  the  hysteresis  caused  by  them  will  be  exhibited  by  a 
corresponding  change  in  the  deflection.  We  anticipated,  in  accord- 
ance with  the  generally  accepted  view  that  hysteresis  is  reduced  by 
the  oscillations,  that  their  presence  would  be  detected  by  a  fall  in  the 
deflection. 

With  this  expectation  an  experimental  apparatus  was  arranged, 
consisting  of  an  electro-magnet,  capable  of  being  rotated  on  a  vertical 
axis  by  an  electric  motor.  The  magnet  poles  were  bored  out  circular, 
and  between  them  was  suspended,  by  a  phosphor-bronze  strip,  a  ring 
made  up  of  three  thin,  flat  annuli  of  soft  iron,  clamped  together,  and 
provided  at  the  foot  with  an  axial  pivot.  The  ring  was  free  to  turn 
inside  of  two  bobbins  wound  with  fine  copper  wire,  the  windings 
being  at  right  angles  to^the  plane  of  the  ring.  Through  these  copper 
windings,  electrical  oscillations,  produced  in  the  usual  manner  l>v 
means  of  a  distinct  spark-gap,  were  passed. 

The  first  experiments  resulted  in  a  very  small  deflection  from  the 
position  due  to  normal  hysteresis,  indicating,  as  was  expected,  a 
decrease  of  hysteresis  when  the  oscillations  arrived.     The  apparatus 

♦  'PbU.  Trmns.,  A,  toI.  189,  p.  1,  1897. 
f  'Bojr.  Soc.  Proc.,'  toI.  70,  pp.  841— a4A,  \%02. 
X  'Joiim.  iDBt.  Electr.  Engineer;  to\.  14,  pv  ^^^— ^^>'^^'»« 
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also  tested  with  an  alternating  current  of  about  100  periods 
per  second  in  place  of  the  oscillations,  ¥rith  the  effect  that  the  normal 
hysteresis  deflection  was  almost  entirely  wiped  out. 

Various  other  forms  were  also  tried  with  indifferent  results^  when  it 
occurred  to  us  that  there  would  be  advantages  in  passing  the  oscilla- 
tions through  the  magnetic  material  itself,  making  it  of  magnetic 
wire.  A  small  bobbin  was  therefore  wound  with  insulated  soft  iron 
wire,  and  the  ends  soldered  to  the  upper  and  lower  halves  of  the 
spindle,  which  was  itself  divided  at  the  centre,  the  upper  half  bearing 
the  controlling  spring,  and  the  lower  dipping  into  mercury,  from 
which  a  connection  led  to  the  other  terminal.  On  passing  oscillations 
through  this  winding,  a  remarkable  and  unexpected  result  was 
obtained.  The  change  of  deflection  was  much  more  marked  than  in  the 
former  experiments,  and  was  in  the  opposite  sense,  indicating  an 
increase  of  hysteresis  while  oscillations  were  present.  Afterwards, 
hard  steel  wire  was  substituted  for  the  soft  iron,  and  a  very  great 
increase  in  the  effect  was  observed,  still  in  the  same  direction — that  of 
increase  of  hysteresis. 

Owing  to  these  encouraging  results,  it  was  decided  to  continue  the 
experiments  in  this  direction,  abandoning  the  older  form,  in  which  a 
decrease  of  hysteresis  was  dealt  with.  The  first  bobbin  constructed  was 
about  ^  inch  in  external  diameter,  and  had  a  vertical  wire  space  of 
\  inch.  The  winding  was  a  single  No.  32-gauge  iron  wire,  double 
cotton-covered,  wound  straight  round  from  beginning  to  end.  Later, 
No.  40  and  No.  46  steel  wires  were  employed,  of  which  the  latter  gave 
the  best  results. 

It  was  soon  noticed  that  any  method  of  increasing  the  oscillatory 
current  in  the  wires,  as  by  winding  the  bobbin  with  two  wires  having 
a  slightly  unequal  number  of  turns,  was  of  advantage  in  giving  a 
larger  deflection.  Later  a  fine  copper  wire  secondary,  woiuid  on 
the  bobbin  parallel  to  the  magnetic  wire,  was  tried,  first  with  the 
ends  insulated,  and  then  with  the  ends  soldered  together.  A  marked 
increase  in  deflection  was  observed  when  the  secondary  was  closed, 
showing  that  the  magnetic  nature  of  the  wire  itself  was  influential-. 
Accordingly,  a  bobbin  was  then  wound  with  insulated  steel  wire, 
doubled  back  on  itself.  This  non-inductive  winding  gave  l»y  far  the 
best  results  hitheito  attained,  and  is  now  used,  except  when  special 
results  are  required. 

The  instrument,  though  described  as  a  detector  of  electrical  oscilla- 
tions, maybe  said  to  measure  rather  than  detect,  giving  quantitative  as 
well  as  qualitative  results,  and  being  capable  of  regulation  from  a 
sensibility  of  the  same  order  as  that  of  an  average  coherer  down 
to  practical  insensibility  to  powerful  sparks  in  the  same  room. 

In  the  instrument,  as  shown  in  the  figure,  the  electro-magnet  takes 
the  form  of  a  ring  capable  oi  moving  round  a  vertical  ».x\«»,  vv\\v\  \9» 
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provided   ou   the   interior  with   two  long  wedge-shaped  pole-pieces, 
M,  M,  the  current  to  the  winding  being  supplied  through  brushes 
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heanng  against  insulated  rings  below.    The  magnet  is  made  to  revolve 

by  an  electro-motor,  the  best  speed  being  about  five  to  eight  revolu- 

ti'ons  per  second,    but    the   electro-magnet  may  \y^  T«^<ift^  \i^   ^ 
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permanent  magnet  system  giving  a  similar  field.  A  structure  is 
built  up,  external  to  the  magnet,  to  support  the  vessel  containing  the 
pivoted  bobbin  and  its  centreing  arrangements.  The  bobbin  itself  is 
made  of  bone,  and  is  about  2  inches  long.  It  is  provided  with  a 
steel  spindle  at  each  end  bearing  in  a  jewel  hole,  the  two  halves  of  the 
spindle  being  insulated  from  one  another.  The  winding,  which 
is,  as  far  as  possible,  non-inductive,  consists  of  about  500  turns  of 
No.  46-gauge  hard-drawn  steel  wire,  insulated  with  silk.  The  bobbin 
is  immersed  in  petroleum,  or  a  mixture  of  petroleum  with  thicker 
mineral  oil,  which  serves  the  double  purpose  of  fortifying  the  insula- 
tion, and  giving  the  damping  effect  necessary  to  steady  the  deflection 
due  to  the  drag  of  the  revolving  magnet.  Readings  are  taken  by 
means  of  a  spot  of  light,  as  with  speaking  mirror  galvanometers, 
but  a  siphon-recording  attaohment  has  been  fitted,  and  any  form  of 
contact  for  working  a  relay  could  be  employed. 

The  detector,  as  before  mentioned,  gives  quantitative  readings,  and, 
in  some  cases,  the  deflection  may  be  too  large  to  be  easily  read  by  the 
scale.  For  this  purpose  a  variable  shunt  is  provided,  by  which  the 
deflection  can  be  regulated. 

For  the  purpose  of  wireless  telegraphy,  the  instrument  has  the 
advantage  of  giving  metrical  effects.  The  benefit  of  this  in  facilitating 
tuning,  and  in  other  respects,  need  not  be  insisted  upon. 

From  the  physical  point  of  view,  the  augmentation  of  hysteresis  is 
interesting  and  unlooked  for.  It  is  probably  to  be  ascribed  to  this, 
that  the  oscillatory  circular  magnetisation  facilitates  the  longitudinal 
magnetising  process,  enabling  the  steel  to  take  up  a  much  larger 
magnetisation  at  each  reversal  than  it  would  otherwise  take,  and  thus 
indirectly  augmenting  the  hysteresis  to  such  an  extent  that  the  direct 
influence  of  the  oscillations  in  reducing  it  is  overpowered.  The  net 
result  appears  to  be  dependent  on  two  antagonistic  influences,  and,  in 
fine  steel  wire,  imder  the  conditions  of  our  experiments,  the  influence 
making  for  increased  hysteresis,  as  a  result  of  the  increased  range  of 
magnetic  induction,  is  much  the  more  powerful. 
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"  CouBtant-Standaitl  Silver  Trial -Plates "  By  Edward  Mattuey, 
C.B,,  RS.A.,  F.C*S.,  Assoc.  Koy.  Sch.  Mines.  Communicated 
by  Sir  William  Crookes,  F.E,S.  Recei\*ed  January  11,— 
Eeail  Febnmry  11,  1904 

Referring  to  my  paper  communicated  to  the  Koya!  Society, 
Februiiry  16,  1894,  ;uid  read  March  15,  1894,*  in  which  it  was  shown 
that  moderately  sized  plates  of  sterling  stiver  of  a  uniform  standard 
could  be  obtained  by  casting  from  thin  eastingB,  my  attention  aince 
then  was  drawn  to  the  difficulty  of  casting  larger  quantities  than  those 
described  in  tbat  p^per,  which  were  only  of  an  average  weight  of 
4  to  5  kdlograninie^s  per  plate,  and  to  the  desirability  of  obtaining  a 
large  plate,  say  of  some  8  or  10  kilogrammes  in  weight,  without 
difficulty,  and  1  have  therefore  i*e^umcd  my  attention  towards 
ertecting  this.  It  appears  that  consideralile  difficulties  have  been 
experienced  with  regard  to  obtaining  large  plates  of  constant  standard. 

In  the  Royal  iJint  Report  of  1873  is  a  memorandum  appended  by 
I'rofcssor  W*  Chandler  Roberts,  which  refers  to  a  series  of  welbknown 
experiments  with  regurd  to  obuining  a  constant  alloy  of  0'900  iilver' 
by  Levol  in  the  Pans  IMint,  he  himself  being  at  the  time  engagod  iu 
the  preparation  of  a  stiindard  silver  trial-plate.  Professor  Chandler 
Roberts  eUite^i : — "  From  the  foregoing  remarks  it  will  be  evident  thnf 
it  is  impossilfie  h  ca^t  a  datuhfrd  dh^r  pfafe  irr  Itar  vf  utiiform  camposilktu, 
md  it  was  necessiiry  therefore  to  resort  to  an  artifice  in  order  t4> 
obtain  a  st-andard  trial-plate  of  the  required  dimensions."t 

The  means  adopted  by  him  were  to  cast  1000  ozb.  of  standard  silver 
into  a  skillet-moukl  30  em,  long,  25  cm.  wide  and  5  cm*  broad*  to 
plane  ofl'  4  mm*  from  its  surface  and  to  roll  the  planed  skillet  to 
1*8  mm.  thickness,  a  sheet  being  produced  15  m.  long,  45  cm.  wide. 
From  this  the  portion  was  cut  which  showed  constant  results  about 
925,  but  which  varied  from  924  •  6 — 925  •  1 ;  and  the  rest  of  the  plate 
which  varied  from  924  (lowest)  to  928*4  (highest)  was  abandoned. 
He  shows  all  these  results  by  diagrams  accompanying  his  memoranda. 
The  portion  of  available  constant  standard  so  cut  out  from  the 
1000  oz.  sheet  weighed  104  oz.,  about  one-tenth  of  the  whole  plate. 
And  this  104  oz.  (=  3*230  kilogrammes)  formed  the  mint  trial  plate 
from  a  mass  of  1000  oz.  (=  31-103  kilogrammes)  specially  cast  for 
the  purpose. 

Notwithstanding  that  many  experiments  were  subsequently  made 
by  Professor  Roberts  Austen  to  find  a  means  of  obtaining  a  constant 
standard  trial-plate,  in  1899  he  was  compelled  to  resort  to  what  he 
caJJs  the  "  cumbrous  expedient "  of  1873.     His  statement  is  : — "  None 

♦  'i?o7.  Sac.  Proc.,*  vol.  55,  1894,  p.  265. 
t  fourth  Annual  Report,  Deputy  Master  oi  Mint,  \^*1^^  y^.  VW— \'^. 
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of  the  results  were  satisfactory,  and  eventually,  after  no  less  than 
31  plates  had  been  cast  without  success,  recourse  was  had  to  the 
method  adopted  in  1873,  of  casting  a  large  mass  of  metal  and  detaching 
a  particular  portion  which  proved  by  assay  to  be  of  approximately 
uniform  standard."* 

The  casting  of  the  standard  silver  into  thin  instead  of  into  the  thick 
moulds  ordinarily  employed  having  been  attended  with  such  excelieni 
results,!  I  was  induced  to  believe  that  it  must  be  due  to  the  more  rapid 
cooling  of  the  metal,  by  which  liquation  was  arrested ;  so  that  if  the 
standard  silver  were  cast  into  moulds  sufficiently  cooled,  liquation 
might  be  induced  to  disappear  altogether.  In  order  then  to  overcome 
the  difficulty  of  obtaining  the  standard  trial-plates  in  larger  sizes,  I 
commenced  by  casting  quantities  of  not  less  than  8  kilogrammes  into  a 
mould  cooled  externally  by  ice,  and  also  by  freezing  mixtures  as  low  as 
10"  C,  and  by  these  means  I  obtained  most  encouraging  results — 
results  which  confirmed  me  in  the  supposition  that  by  cooling  ^vith 
rapidity  there  is  less  time  for  liquation,  which  appears  to  be  the  direct 
converse  of  what  has  been  supposed  hitherto,  viz. :  "  that  a  uniformity 
of  standard  was  best  attained  by  slow  and  uniform  cooling."t  But 
'although  I  thus  obtained  exceedingly  good  results  (two  of  these  are 
subjoined,  see  p.  126),  I  was  not  satisfied  that  this  was  the  best  way  of 
producing  a  constant-standard  plate. 

I  therefore  adopted  a  different  method  of  casting  the  standard  silver. 
Instead  of  pouring  the  melted  alloy  into  a  mould  from  the  top,  I 
poured  it  into  a  mould  by  which  the  skillet  was  produced  from  the 
bottom,  thus : — 

A 


Eougli  Section  of  Cust-iron  Mould  employed. 

'  By  pouring  the  alloy  into  the  gate  A  the  metal  passes  by  B  into  the 
space  C.  And  instead  of  cooling  the  mould  by  ice  or  freezing  mixture 
I  used  the  mould  simply  cold.     I  have  obtained  excellent  results  by 

*  Thirtietli  Annual  Report,  Deputy  Manter  of  Mint,  189.^,  pp.  69,  70. 
f  Tide  my  paper  of  February  16,  1S94,  before  rekxvcd  Vo. 
/  Tu/e memorandum  already  referred  to  in  MinfRei^oT^,!^*!^. 
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this  method.  Subjoined  is  one  of  the  plates  produced  rolled  to  1  mm. 
thick,  measuring  90  cm.  x  75  cm.  and  weighing  8  *  700  kilogrammes. 
Trimming  the  rough  edges  from  the  plate  about  1  cm.,  the  results 
came  out  as  under,  showing  a  constancy  of  925  nearly  all  over  the 
p/ate.  I  have  drawn  a  line  where  the  only  \save  of  lower  variation 
occurs. 
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75  cm.  hy  90  cm.  aud  I  mm.  in  thickness. 

Another  cast  simply  into  a  cold  mould,  and  rolled  to  a  thickness  of 
1  mm.,  gave — 
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This  only  weighed  3*640  kilogrammes,  is  without  any  wave  of 
variation,  and  is  absolutely  constant. 

The  hitherto  accepted  theory  "  that  the  molecular  rearrangement  is 
comparatively  slight  if  the  mass  of  metal  is  slowly  and  uniformly 
solidified  "*  is  contradicted  by  the  results  I  have  obtained;  and  the 
results  all  bear  out  the  fact  that  there  is  little  or  no  difficulty  in 
obtaining  an  8  or  10-kilogramme  plate  of  constant-standard  silver,  or 
even  more  if  necessary. 

*  Fourth  Annual  Report,  Deputy  MaJiter  of  Mmt,l^^^,  ^.  \y:>. 
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''  Further  ObservaLioiiij  on  tJie  Mole  of  the  Elood  Fhiids  in  con- 
nection Tvith  Phagocytosis."  By  A.  E.  Wright,  M.D.,  late 
Professor  of  Pathology,  Ai'my  Medical  School,  Netley, 
Pathologist  to  St*  Mary's  Hospital,  W.,  and  Stewart  E, 
DOUGLAB,  M,RC.S*,  Captain,  Indian  Medical  Service,  Coni- 
uiumeat>ed  by  Sir  J.  Bubdqk  SA^^DEKS5oy,  F.R.8,  Keceived 
January  11, — Head  February  25, 1904, 

(From  thv  Pathologic&l  Laboratory  (if  St,  3Tarj'«  Hg^pital^  Lrmdou,  W.) 

[Plats  3.] 

In  a  previous  communication  we  showed  that  the  phagocytosis  which 
occurs  when  cultures  of  the  Staphylococcus  pyogenes  are  added  to 
human  blood,  is  directly  dependent  upon  the  preseuco  of  certain 
substances  in  the  blood  which  exert  n  specific  effect  upon  the  bacteria. 
We  suggested  that  the  bacteriotropic  substances  here  in  question 
m igh t  appr op i"ia t el y  lie  f  1  e n ot r^ e  1  I  ty  t  b  c^  t  r* rn i  * ^  f ^p so n in s , " 

In  the  present  paper  we  propose  to  bring  out  certain  further  points 
in  connection  with  the  "  opsonic  power  "  of  the  blood. 

Eelation  of  the  Opsonic  Power  of  Human  Blood  to  the 
Capacity  of  Resisting  Invasion  by  the  Staphylococcus 
Pyogenes. 

It  has  already  been  shown*  by  one  of  us  that  patients  who  are  the 
subjects  of  acne,  sycosis,  or  boils  are  characterised  by  a  defective  phago- 
cytic power  for  the  Staphylococcus  pyogenes.  We  have  recently  l)een 
able  to  satisfy  ourselves  that  this  defective  phagocytosis  is  dependent 
upon  a  defect  of  opsonic  power. 

It  has  also  been  shown  by  one  of  us  that  the  cure  of  these  bacterial 
infections,  which  can  in  almost  every  instance  be  achieved  by  the 
inoculation  of  appropriate  quantities  of  sterilised  staphylococcus 
cultures,  is  associated  with  the  acquirement  of  an  increased  phagocytic 
power.  We  have  now  succeeded  in  establishing  the  fact — alreiidy 
adumbrated  in  our  previous  paper — that  the  increased  phagocytosis 
which  is  associated  with  the  achievement  of  the  condition  of  immiuii- 
sation  here  in  question  is  dependent,  not  upon  a  modification  of  the 
white  corpuscles,  but  upon  a  development  of  opsonins  in  the  blood 
fluids. 

The  results  of  the  subjoined  experiment  bring  out  this  fact  into  clear 
relief. 

Details  of  the  Experiment, 

Immunised  Faiient's  Blood, — ^The  patient,  F.  F.,  who  had  long  been  the 
subject  of  aggravated  staphylococcic  sycosis,  \iad,  aiter  prolonged  and 
•  *  Lancet,'  March  29, 1902. 
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ineffectual  treatment  with  antiseptics,  been  subjected  to  three  successive 
inoculations  of  a  sterilised  staphylococcus  culture.  Under  these  inocula- 
tions his  clinical  condition  had  ameliorated  itself  in  an  astonishing 
manner,  and  his  phagocytic  power,  which  had  previous  to  the  date  of 
inoculation  been  less  by  half  than  that  of  the  normal  man  who  served  as 
a  control,  had  increased  in  a  progressive  manner  after  each  inoculation. 

A  sample  of  blood  was  now  (by  the  technique  elsewhere  described)* 
drawn  off  and  mixed  with  y\^th  of  its  volume  of  10  per  cent,  oitrate  of 
soda.  A  second  sample  of  blood  was  drawn  off  and  allowed  to  clot  in 
the  ordinary  way. 

In  the  case  of  the  first  sample  of  blood  the  corpuscles  were  isolated 
from  the  plasma  by  repeated  washing  with  physiological  salt  solution, 
and  ceutrifugaUsation.  The  corpuscles  thus  isolated  are  referred  to 
below  as  "  washed  corpuscles." 

In  the  case  of  the  second  sample  of  blood  the  senim  was  simply 
separated  from  the  corpuscles  in  the  ordinary  way  by  centrifugalisation. 

Control  Blood  from  a  Normal  Man. — The  blood  which  served  as  a 
control  was  obtained  from  a  normal  healthy  man.  It  was  drawn  off  in 
exactly  the  same  manner  and  was  treated  in  each  case  by  exactly  the 
same  procedures  as  the  blood  obtained  from  the  patient. 

Bdderial  Culture. — The  bacterial  culture  employed  in  the  experiments 
set  forth  below  was  obtained  by  suspending  in  physiological  salt 
solution  a  portion  of  a  24  hoiu"s^  growth  of  Staphylococcus  allms 
on  agar. 

The  quantities  of  serum,  washed  corpuscles,  and  staphylococcus  culture 
which  are  specified  below  were  then  in  each  case  taken  up  into  a 
capillary  tube,  mixed  on  a  glass  slide,  re-aspirated  into  the  tube,  and 
digested  together  at  blood  heat  for  15  minutes.  Films  were  then 
made  and  stained  by  Leishman's  stain.  Finally  the  number  of  ingested 
bacteria  were  enumerated  in  a  series  of  poly  nuclear  W.B.C.  taken  in 
order  as  they  came. 

The  phagocytic  index  given  below — and  the  same  applies  through- 
out this  paper — represents  in  each  case  the  average  number  of  bacteria 
ingested  by  the  individual  P. W.B.C.  The  number  of  polynuclear 
white  blood  corpuscles  which  have  furnished  the  index  is  in  each  case 
inserted  in  brackets  : — 

Experiment. 

A. 

Immunised  patient's  washed  corpusclos 3  vols. 

Immunised  patient's  serum ....      3     ,, 

Suspension  of  staphylococcus  culture I  vol. 

Phagocytic  index  (20  P.  W.B.C),  257. 
*  'Lancet'  January  23,  1904. 


p 
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Washed  coipiuot4»  from  normal  mmn  , , , ,,      3  yoU* 

Semm  from  nonnal  in«n  ,..«.<,..,,...,.,..»..      3     „ 
SiKp^neioii  of  fltiipUjlococciii  eulttm  ............      I  to]. 

Phagocytic  iudex  (15  P.W.B.C-),  13. 


C. 

TmmumMd  patient's  wft.4ied  eorpii«olo» 4  .. .«     3  Toll. 

Serum  f  roni  normal  man  • ...  *  ^  *,...*.«>.,**. .      3     ,, 
Stupetiflion  of  etaphjlocoocUfl  culture  « ■ » ,  i  ■  ^  *  .  * .  *      1  yoK 

Phagocytic  index  (15  P.W.B.C.),  13. 


Waabed  corpu^olei  frotm  normal  niiin  ^ ..,,.,      3  Tots. 

Seratti  from  immunbed  patienL  .............*    . .      3     „ 

!^u«penAiofi  of  staph j!oeoc(*i«  culture ,,,..•      1  rttl. 

Phagocytic  index  (15  P.W.B.C.),  28-2. 


Experiments  on  the  Opsonic  Power  of  Human  Bixk)d  in  its 
Relation  to  the  Bacillus  of  Plague. 

In  these  and  all  subsequent  experiments,  unless  where  otherwise 
specified,  the  technique  employed  was  exactly  the  same  as  that 
employed  in  the  experiments  set  forth  above.  It  may  further  be 
premised  that  the  bacterial  suspensions  employed  were  in  each  case 
suspensions  of  very  young  agar  cultures — in  most  cases  24-hour 
cultures — in  physiological  salt  solution.  By  the  term  "  heated  serum  " 
is  in  each  case  to  be  understood  serum  which  has  been  subjected  to  a 
temperature  of  60"  C.  for  10  minutes  or  more. 

Experiment  1. 

A. 

S.  R.  D.'s  unheated  serum 3  toIb. 

S.  R.  D.'s  washed  corpuscles 3     „ 

Suspension  of  plague  bacillus I  vol. 

Phagocytic  index  (20  P.W.B.C),  30. 

B. 

S.  R.  D.'s  heated  serum 3  vols. 

S.  R.  D.'s  washed  corpuscles 3     „ 

^^  Suspension  of  plague  bacillus 1  vol. 

^^  Phagocytic  index  (25  P.\Y.'B.C.V ^"^ • 
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Experiment  2. 

A. 

S.  B.  D.'f  unheated  serum 3  toIs. 

S.  B.  D/s  wbslied  oorptuoles 3    „ 

Suspensioii  of  plague  bacillus I  toI. 

Phagocytic  index  (20  P.W.B.C),  131. 

B. 

S.  B.  D/s  heated  serum 3  vols. 

S.  B.  D.'s  washed  corpuscles 3     „ 

Suspension  of  plague  bacillus 1  vol. 

Phagocytic  index  (20  P.W.B.C),  21. 

Experiment  3. 

A. 

A.  E.  W.*«  unheated  serum   3  vols. 

S.  R.  D.'s  vrashed  corpuscles 3     „ 

Suspension  of  plague  bacillus 1  vol. 

Phagocytic  index  (21  P.W.B.C),  19-6. 

B. 

A.  E.  W.'s  heated  serum    3  vols. 

S.  R.  D.'s  washed  corpuscles 3     „ 

Suspension  of  plague  bacillus 1  vol 

Phagocytic  index  (54  P.W.B.C),  8-4. 


Experiment  4. 

A. 

B.  H.  S.*8  unlieat^'cl  serum     2  vols. 

A.  E.  W.'s  washed  corpuscJes    2     ,, 

Suspension  of  plague  bacillus 1  vol. 

Phagocytic  index  (43  P.W.B.C),  5-3. 

ii. 

B.  H.  S.'s  heated  serum 2  vols. 

A.  E.  W.'s  washed  corpuscles 2     ,, 

Suspension  of  plague  bacillus 1  vol. 

Phagocytic  index  (43  P.W.IIC),  1-4. 

It  may  incidentally  be  noted  in  connection  with  these  experiments 
that  while  the  plague  baeiiJi  which  lay  free  in  the  ^Vm§»  wviWi  \\\  vi^^V 
case  quite  unaltered,  many  of  those  which  had  beew  \\\giS\.^A.  ^\\^\\^^ 
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extremely  characteristic  uiYolution  forms*  such  as  we  have  not  seen 
since  we  worked  with  freshly  ieolated  pUigue  cultures  in  Bombay  in 
connection  with  the  Indian*  Plague  Commission.  So  typical  were  the 
inrolntion  forms  of  the  ingested  pkguo  bacilli,  that  we  should  not 
hesitate  to  employ  the  method  of  phagocytods  m  an  aid  to  diagnosis  in 
the  vnBQ  of  a  doubtful  plague  culture. 


EXPEJiraENTS   OX  THE   OPSONIC    PoWER   OF  HOIAN   BlOOD   IX 

Relation  to  Micrococcus  Mkijteksis. 

Experiment  1. 

A- 

S,  R.  D/a  wa»li«d  corpudolea .......,,,.,,      3     ^, 

Su^peasioQ  of  Microeoecmt  M^Ui^m^iM , , . .      t     ,, 

Phagocytic  index  (10  RW.B.C),  26  9. 

S.  B.  D/s  heated  iterum 3  yob. 

S.  B.  D.'b  washed  corpuscles 3     „ 

Suspension  of  Micrococcus  Jfelitensis I     ,, 

Phagocytic  index  (10  P.W.B.C),  9'2. 

Experiment  2. 

A. 

A.  E.  W.'s  unheated  serum   3  toIs. 

A.  E.  W.'s  washed  corpuscles 3    „ 

Suspension  of  Micrococcus  Melitensi^ 1     ,, 

Phagocytic  index  (21  P.W.B.C),  lO'O. 

B. 

A.  E.  W.'s  heated  serum 3  toIs. 

A.  E.  W.*s  washed  corpuscles 3     „ 

Suspension  of  Micrococcus  Melitensis I  vol. 

Phagocytic  index  (21  P.W.B.C),  24. 

Experiment  3. 
A. 

S.  K.  D.'s  heated  serum 3  vols. 

A .  E.  W.*s  washed  corpuscles    3     „ 

Suspension  of  Micrococcus  Melitensis 1  vol. 

Phagocytic  index  (21  P.W.B.C),  129. 

*  It  may  be  obseryed   that  our   plague  culture — like   other  plague    cultures 
which  hare  been  cultiyated  on  artificial  nutrient  media  for  a  number  of  genera- 
-Aas  altogether  lost  the  property  of  deyelopinf^  in  a  ft\)ontaneous  manner  the 
ion  forme  which  are  characteristic  of  freshly  isolated  ^la^ue  o\i\\iat«». 
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B. 

S.  R.  D.'s  heated  serum 8  toIs. 

A.  E.  W/b  washed  corpuscles 3    ,, 

Suspension  of  Micrococcns  Meliten»is 1  toI. 

Phagocytic  index  (21  P.W.B.C.),  0*9. 


Experiments  on  the  Opsonic  Power  of  Human  Blood  in 
Relation  to  the  Bacillus  dysentericus  (Shiga). 

Experiment  1. 

A. 

S.  R.  D.'s  unheated  serum 3  vols. 

S.  R.  D.'s  washed  corpuscles 3     ,, 

Suspension  of  Shiga's  bacillus 1  toI. 

Phagocytic  index  (20  W.P.B.C),  4-2. 

B. 

S.  R.  D/s  heat-ed  serum  3  rols. 

S.  R.  D.*s  washed  corpuscles 3     „ 

Suspension  of  Shiga's  bacillus   1  rol. 

Phagocytic  index  (20  P.W.B.C.),  OO, 


Experiment  2. 
A. 

A.  E.  W.'s  unheated  serum 3  vols. 

8.  R.  D.'s  washed  corpuscles 3     „ 

Suspension  of  Shiga's  bacilliij* 1  vol. 

Phagocytic  index  (20  P.W.B.C.),  54. 
B. 

A.  E.  W.'s  heated  serum 3  vols, 

S.  R.  D.'s  washed  corpuscles, 3     „ 

Suspension  of  Shiga's  bacillus 1  vol. 

Phagocytic  index  (33  P.W.B.C),  O'l. 


Experiment  3. 

A. 

S.  R.  D.'s  oiiheated  serum 2  vol?. 

S.  R.  D.'s  washed  corpuscles .  2     ,, 

Suspension  of  Shiga's  bacillus 1  \o\.. 

Phagocytic  index  (20  P.W.B.C.),  3*6 
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8,  H,  D/i  heated  serum   ,.....>**..»*.*..«*..>.     3  toU* 

Hiiipen#ion  of  SltigaV  busillus  ,...*■•»«••..»«..•      I  roL 

Phagocytic  iiidejc  (20  P.W.B,C.),  0*2. 


A   certain   number  of  the   baeilli    (and    these   bAcUU   were   found 
indiflereiitly  in  the  interior  of  thts  cells  and  free  in  the  prepftration) 

had,  in  the  ease  of  the  experiments  imdertukon  with  unbeated  senitu, 
ut»dcrgone  spheridstion. 


I 


Experiments  ok  the  Opsonic  Power  of  HtT^L\N  Blooo  ik  its 
Kelation  to  the  Bacillus  coll 


Experiment  L 

is.  H.  a.'B  untieated  serum 3  toIs. 

B.  U.  S.'s  washed  corpuscles 3     „ 

Suspension  of  the  Bacillus  coli 1  toL 

Phagocytic  index  (20  P.W.B.C),  3-8. 

B. 

B.  H.  S.'s  heated  scrum 3  vols. 

B.  H.  S.'s  washed  corpuscles 3     ,, 

Suspension  of  the  Bacillus  coli 1  vol. 

Phagocytic  index  (20  P.W.B.C),  075. 

Experiment  2. 
A. 

F.  F.'s  unheated  serum 3  vols. 

F.  F.*s  washed  corpuscles 3     „ 

Suspension  of  the  Bacillus  coli 1  vol. 

Phagocytic  index  (20  P.W.B.C),  5. 

B. 

F.  F.'s  he!ited  serum 3  vols. 

F.  F.'s  washed  corpuscles 3     „ 

Suspension  of  the  Bacillus  coli. 1  vol. 

Phagocytic  index  (21  P.W.B.C),  0*76. 
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EXPERIMSNTB  ON  THE  OPSONIC  PoWER  OF  HUMAN  BlOOD  IN  ITS 

Relation  to  the  Pneumocoocus  of  Fraenkel. 

Experiment  1. 

A. 

S.  B.  D.'s  unhested  Beram •  •     2  Tolr. 

S.  B.  D.*8  washed  corpusoles 2    „ 

Suflpension  of  the  pneumooocouB  of  Fraenkel.  • . .  •  •     1  toI. 

Phagocytic  index  (15  P.W.B.C.),  16. 

B. 

S.  B.  D.'s  heated  serum 2  toIs. 

S.  B.  D.'s  washed  corpuscles 2    „ 

Suspension  of  Fraenkel's  pneumococcus 1  vol. 

Phagocytic  index  (40  P.W.B.C),  M. 

Experiment  2. 

A. 

A.  £.  W.'s  unheated  serum 2  toIs. 

S.  B.  D.'s  washed  corpuscles 2    „ 

Suspension  of  Fraenkel's  pneumococcus 1  toI. 

Phagocytic  index  (23  P.W.B.C),  6. 

B. 

A.  B.  W.'s  heated  serum 2  toIs. 

S.  B.  D.'s  washed  corpuscles     2     „ 

Suspension  of  Fraenkel's  pneumococcus 1  toI. 

Phagocytic  index  (40  P.W.B.C),  02. 


Experiments  on  the  Opsonic  Power  of  Human  Blood  in  its 
Relation  to  the  Bacillus  of  Anthrax. 

Experiment  1. 

A. 

S.  B.  D.'s  unheated  serum  3  toIs. 

S.  B.  D.'s  washed  corpuscles 3     „ 

Suspension  of  Bacillus  anthracis 1  toL 

Enumeration    was    here    impossible,    but    there    was    everywhere 
evidence  of  phagocytosis.     In  the  few  cases  where  the  leucocytes  had 
not  ingested  bacteria,  they  were  found  to  have  extended  \Xicm%»^N^  vcv 
^  characteristic  grasping  manner  along  the  bacterial  tlvxeaAa  i^%.  V^. 

VOL.  LXXIU.  \. 
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&.  R.  D/a  HeA6ed  s(>rain   * «.  i  •..  * « r  ^  .****«.*... .      3  toIs. 

8,  B.  D.*»  waahed  eorjmBcbA   ,  < .  * « * « > « .  - . « ^  -  •  t .  *      3    ,, 

SuipeDiJOD  qF  tbe  B^fiUmt  ^nHmci** ..,.,,,      1  tol. 

Here  there  wore  practically  no  signs  of  phagoc3^tofiii.   The  cells  were 

every  whore  empty,  and  they  htid  not  drawn  themsolroa  into  intimate 
contact  i/b'ith  the  anthrax  threads  (fig.  6). 

Experimont  2. 

A. 

A.  E*  W/fi  uiilieaterl  sonim   -  ^  **.,.,,*.,*,*.., .      %  Tola* 

Broth  cuKure  &f  Bntlinx  i «..  *  ,4  ,;;..«,,.-,,•.  ^      1  vol. 
Phagocytic  index  {3G  P,W.B.C.),  2  4  (approjdioate  only), 

A,  K.  W/s  h<?iit«[l  seritm    ,.,,,,.,».♦ , ,  * ,      2  roU, 

S.  B.  D.*s  washed  oorpuacles 2    „ 

Broth  culture  of  snUirax    1  toI. 

Phagocytic  index  (100  P.W.B.C),  0. 


Opsonic  Power  of  Human  Blood  in  its  Relation  to  the 
Bacillus  typhosus  and  the  Cholera  Vibrio. 

It  is  well  known  that  human  blood  exerts  a  very  consideral>le 
bactericidal  power  upon  cultures  of  the  Bacillm  tf/phosiis  and  of  the 
cholera  vibrio.  The  destructive  effect  in  question  manifests  itself  to 
microscopical  observation  in  the  form  of  very  profoimd  morphological 
changes  which  come  imder  observation  in  cultures  which  have  been 
digested  with  unheated  serum.  The  bacteria  in  such  cultures,  after 
undergoing  agglutination  and  spherulation,  swell  up  and  lose  their 
chemical  affinity  for  anilin  dyes.  Finally  they  are  completely 
dissolved. 

It  is  manifest  that  where  disintegrative  changes  of  this  kind  are 
occurring  under  the  influence  of  the  serum,  opsonic  effects  will  be  more 
or  less  thrust  into  the  background.  These  last  will,  in  the  case 
of  phagocytic  experiments  conducted  with  unheated  serum,  be  masked, 
on  the  one  hand,  by.  the  fact  that  there  will  be  fewer  bacteria  available 
for  phagocytosis,  and  on  the  other  hand  by  the  fact  that  intracellular 
disintegration  will,  it  may  be  presumed,  be  more  rapid  in  the  case 
where  the  serum  has  already  exerted  a  disintegrative  effect  on  the 
bacteria  anterior  to  their  ingestion. 

Lastly,  ingested  bacteria  which  have  lost  their  characteristic  chemical 
MAiTuty  for  their  stain  may  readily  escape  eiwimeT«Aivoii. 
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All  these  pointa  must  be  taken  into  consideration  in  connection  with 
the  subjoined  experiments : — 

]Elxperiment  1. 
A. 

S.  B.  D.'s  unhealed  semm 8  toU. 

S.  B.  D.'s  washed  corpusolos   8    ,, 

Suspension  of  the  cholera  Tibrio -.     2    „ 

Everywhere  considerable  phagocytosis.  Complete  spherulation  of 
almost  all  the  micro-organisms  within  and  all  the  micro-organisms 
outside  the  celk.  No  indication  of  vacuolation  round  £he  ingested 
liacteria  (fig.  3). 

Phagocytic  index  (14  P.W.B.C.),  24  (ctrc), 

B. 

S.  B.  D.'s  heated  serom 8  toIb. 

S.  B.  D.'s  washed  corpuscles 8    „ 

Suspension  of  the  cholera  yibrio   2    „ 

Everywhere  considerable  phagocytosis.  No  spherulation  of  the 
micro-organisms  either  within  or  without  the  leucocytes.  Very  marked 
vacuolation  of  the  leucocytes  round  the  ingested  bacteria  (fig.  4). 

Phagocytic  index  (11  P.W.B.C),  262  (drc). 

Experiment  2. 

A. 

A.  E.  W.'s  unheated  serum   3  toIs. 

S.  B.  D.'s  washed  corpuscles  8     „ 

Suspension  of  the  cholera  Tibrio     1  toI. 

Complete  spherulation  of  all  the  bacteria,  whether  within  or  without 
the  cells. 

Phagocytic  index  (21  P.W.B.C),  8*1  (drc). 

B. 

A.  E.  W.'s  heated  serum  3  vols. 

S.  B.  D.'s  washed  corpuscles 3     „ 

Suspension  of  the  cholera  vibrio 1  vol. 

No  spherulation  of  the  micro-organisms,  either  within  or  without  the 
leucocytes. 

Phagocytic  index  (13  P.W.B.C),  O-ft. 

\.1 
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I  ■'  Experiment  3, 

^^^B  8-  K.  D.'i  imbtwted  aenim   .., m  »m  * ,  t,  ,*  -m  t*      2  tqI*. 

^^f  B,  K.  D/s  wnfihed  corpuftdci  .....,,,..  > ,      S     ,f 

P  Broth  culture  of  tlit'  ttplioid  buciUua    .,,,....,..     2     „ 

Much  phagoeytoais.  Complete  spherulation  of  all  the  extraccllulai^ 
micro-organiBiiis.  IVIany  of  the  baeillt  in  the  interior  of  the  leucocytes 
have  completclj  preserved  their  ori^nal  contouTSj  others— probably 
the  later  ingested  ones — are  spherulated  (fig,  I), 

^^K  S.  R,  D.'ji  lieftled  let^m .«^. *...,      $  woU. 

^^^  B.  E.  D.*8  washed  eorpu^clcA  ...................      2     ^, 

Brotli  caltufe  of  the  tjpboict  bacillus   ,, . , 2    „ 

Much  phagocytosis.     All  the  micro-organisms,  whether  within  or 
without  the  leucocytes,  are  morphologically  unaltered  and  have  pre- 
'  served  their  ataining  properties  uiiirapaired  {fig»  2*)* 

Experiment  4. 
A. 

A.  E.  W.'s  unheated  serum 3  vols. 

S.  R.  D/s  washed  corpuscles   3     ,, 

Broth  cultiyation  of  the  tjphoid  bacillus   2     „ 

Complete  spherulation  of  all  the  extracellular  bacteria  which  have 
escaped  solution.  In  interior  of  leucoc3rtes  most  of  the  bacteria  have 
undergone  spherulation,  but  in  the  centre  of  the  corpuscles  some — 
probably  those  which  were  soonest  ingested — are  morphologically 
unaltered  and  preserve  their  staining  properties  unaltered. 

Phagocytic  index,  100  (estimated). 

B. 

A.  E.  W.'s  heated  serum    3  toIs. 

S.  B.  D.*s  washed  corpuscles   3     „ 

Broth  cultiyation  of  the  typhoid  bacillus    1  yol. 

No  spherulation,  either  within  or  without  the  cells. 

Phagocytic  index  (20  P.W.B.C.),  31-8  (circ). 

Experiment  5. 

A. 

S.  B.  D/s  unheated  serum.  ......•• 3  toIs. 

S.  B.  D.*s  washed  corpuscles 8    „ 

Suspension  of  the  tjphoid  bacillus 1  yol. 

All  the  bacilli  both  within  and  without  the  cells  have  imdergone 
'leruJatjon. 

Phagocytic  index  (11  P.W.B.C.^  \V^. 


r 
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B. 

S.  B.  D.'s  heated  serum 8  toIs. 

S.  B.  D/s  washed  corpuscles • 3    „ 

Suspension  of  the  typhoid  bacillus 1  vol. 

No  spherolatipA  either  within  or  without  the  leucocytes.  * 

Phagocytic  index  (23  P.W.B.C.),  7-2. 

Of  incidental  interest  in  connection  with  the  above  experiments  is 
the  demonstration  which  they  afford,  that  the  spherulation  of  the  intra- 
cellular ingested  microorganisms,  which  has  been  often  ascribed  to  the 
agency  of  the  leucocytes,  is  in  reality  due  to  agency  of  the  blood 
fluids. 


Opsonic  Power  of  Human  Blood  in  its  Relation  to  the 
Diphtheria  Bacillus  and  the  Xerosis  Bacillus. 

Experiment  1. 

A. 

A.  E.  W.'s  unheated  serum • 8  toIs. 

A.  E.  W.'s  washed  corpuscles 8    „ 

Suspension  of  the  diphtheria  bacillus •  •  •     8    „ 

Phagocytic  index  (27  P.W.B.C),  0-7. 
B. 

A.  E.  W.'s  heated  serum 8  vols. 

A.  E.  W.'s  washed  corpuscles • 3     „ 

Suspension  of  the  diphtheria  bacillus 3     „ 

Phagocytic  index  (29  P.W.B.C),  4*1. 


Experiment  2. 

A. 

B.  H.  S.'s  unheated  serum 3  vols. 

B.  H.  S.'s  washed  corpuscles 3     „ 

Suspension  of  the  diphtheria  bacillus  . . . .  • 2     ,, 

Phagocytic  index  (20  P.W.B.C),  8-0. 


B. 

B.  H.  S.'s  heated  serum   3  foIs. 

B.  H.  S.'s  washed  corpuscles   3     „ 

Suspension  of  the  diphtheria  bacillus %     ^^ 

Phagocytic  index  (20  P.W.B.C),  lO'S. 


HO  Dr.  A.  K  Wright  and  Capt.  S,  R.  Doii^rlaP.      [Jao.  11, 

Experiment  3, 
A. 

8a0p«Q»u>n  of  the  dlpUtUeria  1>AcilluH  . . « * , 1  tu3. 

PhagocTtic  index  (44  RW.B.C),  4  0. 

'  B*  K.  S/i  heated  iiet- iitn  ,.,...«,«»«,...,«,«.«*.     S  rob. 
B.  H.  S/fl  cashed  eoj-puselee  *♦.,,*,,  ^  *.**,,,,*  *      3     ,. 
Sn^peD^ioti  of  the  diphtheria  baoilhis  ..**,*,****.      1  rol. 

Phagocytic  index  (50  IWV.B.C),  3*3. 

Experiment  4. 

A. 

A.  K.  W/a  unliested  iscpum » .. ..      3  toIs, 

A.  E.  W/s  washM  corpuscles. 3     „ 

Suspension  of  the  xerosis  bacillus 1  rol. 

Phagocytic  index  (40  P.W.B.C),  28. 

B. 

A.  E.  W.'s  heated  serum 3  vols. 

,  A.  E.  W.'s  washed  corpuscles 3     „ 

Suspension  of  the  xerosis  bacillus 1  vol. 

Phagocytic  index  (25  P.W.B.C),  32. 

Experiment  5. 

A. 

B.  H.  S.'s  unheated  serum    3  rols. 

B.  H.  S.*s  washed  corpuscles 3     ,, 

Suspension  of  the  xerosis  bacillus 1  toI. 

Phagocytic  index  (30  P.W.B.C),  63. 

B. 

B.  H.  S.'s  heated  serum   3  toIs. 

B.  H.  S.'s  washed  corpuscles 3     „ 

Suspension  of  the  xerosis  bacillus 1  toI. 

Phagocytic  index  (30  P.W.B.C),  6. 

Conclvsions, 

The  experimental  data  which  have  been  set  forth  above  establish  that 

tire  opsonic  action  of  the  blood  fluids — to  which  attention  was  for  the 

ff/vt  time  directed  in  our   previous   communiealioiv — ^\s   exerted   not 

lusively  upon  the  Staphylococcwi  jM/ogenes,  Wt  a\ao  w:^tv  \Xv^  Bo/^iWus 


H'rufhl,  i-  UuuqOm 


•  •  •  •    .iT^'-'-^i-^  •  •  • 
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pesiis^  the  Mierococem  meliiensis,  the  Diplococcus  pneumanice  of  Fraenkel, 
the  Bacillus  coli,  the  Bacillus  dysenterue  (Shiga),  the  BacUlUs  anthraciSf 
the  Bacillus  typhosus,  and  the  Vibrio  cholerce  Asiaiiccp. 

So  far  as  we  have  gone,  the  Bacillus  diphiherice  and  its  congener  the 
Bacillus \Terosis  have  proved  to  be  the  only  pathogenetic  bacteria  which 
are  insensible  to  this  action  of  the  blood  fluids. 

Taking  these  experimental  data  in  conjunction  with  other  facts  which 
have  been  elicited  by  us,  or  a-s  the  case  may  be  by  one  of  us  working 
in  connection  with  Captain  F.  Windsor,*  I.M.S.,  with  regard  to  the 
bactericidal  action  exerted  by  human  blood  upon  the  various  species 
of  pathogenetic  micro-organisms,  we  may  classify  these  bacteria  in  the 
following  categories : — 

(1)  Bacteria  which  are  eminently  sensible  to  the  bactencidal^  bacteriolytic^ 
and  opsonic  action  of  normal  human  blood  fluids. — The  Bacillus  typhosus 
and  the  Vibrio  cholerce  Asiaiiat. 

(2)  Bacteria  which  are  in  some*  measure  sensible  to  the  bactericidcd  action 
of  the  nomud  human  blood  fluid%  and  which  are  eminently  sensible\to  its  opsonic 
action. — The  Bacillus  coli  and  the  Bacillus  dysenteriee. 

(3)  Bacteria  which  are  absolutely  insensible  to  the  bactericidal  action  of  the 
normal  human  blood  fluids,  but  are  eminently  sensible  to  tlie  opsonic  action  of 
these  fluids. — The  Staphyhcoccus  pyogenes,  the  Bacilhis  pestis,  the  Micro- 
coccus melitensis,  the  Diploc/Kcns  pneumoniae  of  Fraenkel. 

(4)  Bacteria  which  are  insensible  both  to  the  bactericidal  and  to  the  opsonic 
action  of  human  blood  fluids. — The  Bacillus  diphtheiiw  and  Bacillus 
xerosis. 

It  may  be  pointed  out  in  conclusion  that  the  demonstration  fur- 
nished above,  that  successful  immimisation  against  the  staphylococcus 
pyogenes  is  dependent  upon  an  elaboration  of  opsonins  in  the  system 
of  the  inoculated  patient,  suggests  that  successful  immunisation  against 
plague  and  Malta  fever,  and  we  may  add  against  streptococcal  invasions, 
may  be  likewise  dependent  upon  the  elaboration  of  opsonins. 

It  will  }>e  manifest  that  if  this  is  so,  the  determination  of  the  opsonic 
power  of  the  blood  is  calculated  to  render  services  also  in  connection 
with  the  testing  of  any  therapeutic  sera  which  may  find  an  application 
in  connection  with  the  disease. 

DESCRIPTION   OF   PLATE   3. 

Fig.  1. — White  Blood  Corpuscles  digested  witli  unhenfed  senim  aud  culture  of  the 
Bacillus  typhosus  for  16  uiinutes  at  37^  C.  Sliows,  in  the  case  of  the 
extra-cellular  micro-organisms,  complete  splierulation  and  agglutination. 
Many  of  the  uiicro-organisms  in  the  interior  of  the  phagocyte  are 
unaltered  with  res^pect  to  their  shape  and  staining  reaction  ;  others — 
presumably  the  later  ingested  iiiicro-organisms — haTe  undergone  splieru- 
lation. 


'Journ.  of  Hygiene,*  \ol.  1. 


U2  Dr.  W.  J.  S.  Lockyer.  [Jan.  16, 

TtQ.  S.^-Wliite  Blood  Corpu^^l^a  digested  with  ktafed  mrom  fttid  culture  di  tliif 
BnHUuM  i^^hoMH$  for  15  minuUs  At  37^  C.  SIiohb  that  the  micro- 
Ofg^iam*  ivt^in  th<?ii?  ehnpe,  both  within  and  without  the  phagocyte. 

FlO.  3.— -White  Blood  Oorpu8L^Jes  digealed  with  ^mkeated  lerum  and  ctiltope  of  the 
Cholera  Tibrio  for  15  minute*  at  37'  0.  Shows,  ia  the  eaae  of  tlic 
estra- cellular  micro-orgaoismB^  complete  ngglutmation  and  ^pherulation. 
Two  of  the  mictio^aTgaoiemft  in  the  interior  of  the  plj&gopjt-e — pw- 
Bnmablj  those  iirat  ingested — retain  their  cburacteHstic  nhi^pe* 

FlOi,  4. — White  Blood  Corpuscles  digested  witli  k^aitd  seram  and  cultuw  of  thp 
Cholera  Yibrio  ti>T  16  niinutcj  at  37**  C.  Shows  ¥acuoktion  oi  iht* 
phago<?jt&  and  nn  aJtemtioti  in  the  micro-organiem*,  either  within  or 
without  the  phagocjte, 

Fig.  5. — White  Bhxxl  Corpiisclpa  digpikd  with  unAeai&d  wrum  and  culture  of  tlie 
BficiUit,^  anthmcix  for  15  minute*  at  37°  C.  Shows  the  phagocyte 
extending  itself  in  flueh  a  tnanner  as  to  imft^mat*  the  bacilli. 

FiS*  6,— White  Blood  Corpuscles  digested  with  heated  «eruin  and  culture  of  the 
Bat^lh*  4iHthraei*,  Shows  au  out Ii  rax  threid  lyiag  upon  a  pliagoejte, 
which  maVes  no  attempt  at  phsgocjlofti^. 


"Sunspot  Variation  in  Latitude,  1861— 1902."  By  William  J. 
S.  LocKYER,  M.A.  (Camb.),  Ph.D.  (Gott),  r.E.A.S.,  Chief 
Assistant,  Solar  Physics  Observatory.  Communicated  by  Sir 
Norman  Lockyer,  K.C.B.,  LLD.,  F.E.S.  Eeceived  January  1 G, 
—Bead  February  11,  1904. 

[Plates  4  avd  5.] 

In  a  previous  communication,*  Sir  Norman  Lockyer  and  I  gave 
the  results  of  a  discussion  of  prominence  observations,  and  pointed 
out  the  necessity  of  dealing  individually  with  small  zones  on  the  solar 
surface. 

In  that  paper  brief  reference  was  made  to  the  law  of  spot  zones,  as 
discovered  by  Carrington,  and  corroborated  by  Sporer,  and  it  was 
further  stated  that  more  modern  observations  had  established  these 
geneial  deductions  of  spot  distribution.  The  words  "  general  deduc- 
tions "  were  purposely  used,  as  it  was  then  noticed  that  there  were 
many  anomalies  that  required  explanation. 

The  object  of  the  present  paper  is  to  draw  attention  to  these 
anomalies,  and  to  give  the  results  that  have  been  deduced  from  a 
minute  examination  of  the  changes  of  heliographic  latitudes  of  sun- 
spots  from  year  to  year.  The  present  evidence  indicates  that  the  law 
of  Sporer,  although  of  great  importance,  represents  only  a  very  general 
idea  of  a  complicated  sunspot  circulation. 

*  ''SoJar  Prominence  and  Spot  Circulation,  1872-1901,"  *  Roy.  Soc.  Proc./ 
•  ri,  p.  446. 


1904]  Sunspot  Variation  in  Latitude,  1861—1902.  143 

From  a  valuable  series  of  siuispot  observations,  made  between  the 
years  1853  and  1861,  Richard  Garrington*  was  the  first  to  point  out 
that  spots  had  a  general  drift  towards  the  Equator  during  a  suiispot 
cycle,  or,  to  use  his  own  words,  there  was  indicated  "  a  great  con- 
traction of  the  limiting  parallels  between  which  spots  were  formed  for 
two  years  previously  to  the  minimum  of  1856,  and,  soon  after  this 
epoch,  the  apparent  commencement  of  two  fresh  belts  of  spots  in  high 
latitudes,  north  and  south,  which  have  in  subsequent  years  shown 
a  tendency  to  coalesce,  and  ultimately  to  contract,  as  before,  to 
extinction."  Sporer  fortunately  took  up  the  work  where  Carrington 
left  off,  and  his  observations  extended  over  the  period  1861 — 1879. 
These  were  published  in  four  different  volumes,!  and  the  conclusions 
at  which  he  arrived  practically  corroborated  those  of  Carrington. 
In  the  last  of  these  publications,  Sporer  summed  up  all  the  observa- 
tions for  the  period  1854 — 1879,  and  published  curves,  showing  the 
relation  between  the  sunapot  frequency  for  these  years  and  the 
variation  of  the  mean  heliographic  latitude  of  the  spots. 

The  law  of  zones,  as  definitely  formulated  by  Sporer,  is  as 
follows  J  : — '"  Un  peu  avant  le  minimum,  il  n'y  a  de  taches  que  pr^s 
de  Tequateur  solaire,  entre  +5*  et  -5°.  A  partir  du  minimum,  les 
taches,  qui  avaient  depuis  longtemps  d^sert^  les  hautes  latitudes,  8*y 
montrent  brusquement  vers  ±  30^  Puis  elles  se  multiplient,  un  peu 
partout,  k  peu  pr^s  entre  ces  limites,  jusqu'au  maximum,  mais  leur 
latitude  moyenne  diminue  constamment  jusqu*^  T^poque  du  nouveau 
minimum." 


As  solar  prominences  appear  on  any  part  of  the  disc,  it  was 
sufficient,  in  order  to  tritce  their  distribution,  to  divide  the  sun's 
surface  into  nine  zones  of  10  degrees  each.  Since,  ^  however,  spots 
seldom  occur  above  latitude  40%  the  width  of  the  zones  had  to  be 
considerably  diminished.  For  the  present  inquiry,  it  was  finally 
decided  to  group  the  spots  into  belts  3  degrees  wide,  for  even  zones 
of  5  degrees  in  width  were  found  to  mask  many  important  charac- 
teristics. 

The  necessity  for  such  narrow  zones  will  be  seen  from  the  accom- 
panying figure  (fig.  1),  in  which  the  yearly  distribution  of  spots 
is  shown  for  the  years  1879 — 1883,  taking  zones  of  10  degrees, 
5  degrees,  and  3  degrees  in  width  respectively. 

*  *  ObserTations  of  the  Spots  on  the  Sur.,'  made  at  Bedhill  by  R.  C.  Cariiiiglon, 
F.E.S.,  1863,  p.  17. 

t  *  Publication    der   Astronomiscben    GeselUchaft,'    vol.    13    (Leipzig.    1874); 
*  Publication  der  Astrononiischcn   (icsellscliait,'  vol.  13.      Fortsetzung  (Leipzig, 
1876);  *  Publicationen  dea  Astpophysikjilischen  Observatoriuma  zu  l*ot8dau\,'lSo.  I, 
Tol.  1,  Part  I  /  J^o.  5,  rol.  2,  Fart  I. 
/  'Comptea  Bendua/  rol.  108,  p.  4is'6. 
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In  these  curves  each  broad  vertical  line  corresponds  to  the  solar 
equator,  and  the  scales  to  the  right  and  left  of  each  represent  the 
north  and  south  latitudes  respectively.  The  heights  of  the  curves 
a1)0ve  each  horizontal  zero  line  indicates  the  different  amounts  of 
spotted  area,  and  the  scales  of  these  are  so  arranged  that  the  curves 
are  all  proportional  to  the  spotted  area. 

The  curves  themselves  are  formed  by  determining  the  mean  spotted 

Fig.  1. 
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DISTRIBUTION    OF  SUNlS  SPOTTED    AREA. 
FROM   1679-1853. 


area  for  each  zone,  and  plotting  each  value  at  the  point  representing 
the  mean  latitude  of  this  zone;  these  points  are  then  all  joined 
together.  Thus,  in  the  case  of  the  0 — IC*  zone,  the  mean  spotted  area 
is  plotted  at  5",  10 — 20%  at  15%  etc.  The  other  zone  divisions  are 
similarly  treated,  thus,  0—5"  is  plotted  at  2*5',  0—3''  at  1*5%  etc. 
In  the  10"  zone  curves  here  shown  there  is  only  one  muximuni 
ch  hemisphere  for  the  years  in  question,  and  these,  as  indicated  by 
tted  curves  which  join  them,  do  not  progress  gradually  towards 
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the  equator,  as  would  probably  be  the  case  according  to  Sporer's  law. 
With  5*  zones  it  is  possible  to  detect  the  presence  of  two  maxima  in 
one  or  other  of  the  hemispheres,  all  of  which  have  a  trend  towards  the 
equator  in  succeeding  years.  Still  more  detail  is  displayed  in  the 
3"*  zones,  and  here  is  apparent  a  spot  distribution  and  movement  which 
is  practically  masked  in  the  two  preceding  sets  of  curves. 

The  advisability  of  adopting  3*  zones  for  the  present  investigation 
being  thus  apparent,  the  whole  series  of  observations  from  the  year 
1861 — 1902  was  treated  in  the  above  manner,  the  points  plotted  and 
the  curves  drawn  as  shown  in  the  figure  previously  referred  to. 

This  reduction  was  rendered  comparatively  easy  by  the  fact  that 
the  Astronomer  Royal  has  quite  recently  published*  the  values  of  the 
amount  of  sunspot  area  for  each  degree  of  latitude  for  each  hemisphere 
from  the  year  1874 — 1902.  For  information  previous  to  that  date  use 
was  made  of  the  detailed  observations  of  the  positions  and  areas  of 
sunspots  collected  by  Sporer  in  the  publications  already  referred 
to,  and  curves  for  each  year  were  drawn.  For  this  period  the  curves 
employed  were  of  a  less  degree  of  accuracy  than  those  drawn  from  the 
Greenwich  reduction,  as  the  number  of  days  of  observation  throughout 
a  year  was  not  so  great. 

Advantage  was  taken  of  the  fact  that  Sporer's  observations  and 
those  reduced  at  Greenwich  overlapped  during  the  four  years  1874 — 
1877,  and  a  comparison  of  the  curves  from  each  series  was  rendered 
possible.  The  close  similarity  of  these  in  each  case  showed  that  the 
reduction  of  Sporer's  observations  exhibited  the  chief  feiitures  of  the 
movements  of  centres  of  spot-activity  as  indicated  by  the  Greenwich 
curves. 

By  thus  employing  Sporer *s  observations,  curves  for  each  of  the 
42  years  from  1861 — 1902  inclusive  were  drawn  in  the  manner 
described  above,  and  these  were  placed  vertically  one  under  the  other, 
like  those  shown  in  fig.  1  for  the  years  1879-1883. 

In  this  way  it  was  possible  to  trace  the  varying  positions,  as  i-egards 
changes  of  latitude,  of  the  centres  of  action,  or  maxima  points  of  the 
curves,  from  year  to  year,  just  as  was  previously  attempted  in  the  case 
of  the  prominences.  These  centres  of  action  were  then  connected 
by  lines  passing  from  one  yearly  curve  to  the  next.  It  is  worthy  of 
remark  that  very  little  difficulty  was  met  with  in  deciding  the  maxima 
points  to  be  joined.  There  was  always,  throughout  the  whole  period, 
a  most  distinct  march  of  these  points  individually  towards  the 
equator,  and  the  method  of  placing  the  curves  one  benciith  the  other 
rendered  such  movement  at  once  obvious  to  the  eye.  There  was  only 
one  instance  where  it  seemed  necessary  that  a  march  from  lower  to 
higher  latitudes  ought  to  be  considered.  This  was  in  the  soutbeviv 
hemisphere,  in  the  years  1889  and  1890  (see  P\ate  T),  C\vc\^  K^,  'YWt^ 
♦  'Montblf  Notices  R.  A.  S.,*  vol.  63,  p^.  45^— \S\. 
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was  a  email  indimtion  of  the  praaeuc^  of  a  spot  centre  of  action  in 
ktitiide  19°  in  the  former  j^slv^  >;vhile  next  year  the  position  of  the 
centre  of  action  wae  in  latitude  24°.  Since  this  case  wajs  unique,  it  wns 
considered  advisable  not  to  coiinect  these  {Xjints  together,  but  to  leave 
the  centre  of  action  in  the  year  1889  as  an  isolated  point. 

The  dia^:im  {fig.  1)  not  only  exhibits  some  of  the  typc&  of  curves 
met  with,  hut  shows  how  the  various  centres  of  maxiinum  spot-activity 
were  joined  up  with  esich  other,  yc-ar  by  year,  for  the  period  of  time 
over  which  the  curves  extend,  iianiely,  from  18T9,  the  year  following  a 
siuispot  minimum,  to  about  a  sunspot  maximum  in  1883. 

Considering  the  curves  relating  to  the  sun's  northern  hemisphere,  it 
will  be  seen  that  in  1B79,  the  year  following  li  suuspot  m^inimum,  when 
the  spots  were  ending  a  cycle  near  the  equator,  two  new  outbreaks 
occurred  in  latitudes  about  20"  and  30''. 

These  two  centres  of  activity  moved  towards  the  equator  next  ye»r» 
and  by  1881  the  fonner  had  di^iappeared,  while  the  other  rapidly  grew 
in  intensity  and  reached  latitude  15".  During  this  year  a  new  outbreak 
in  latitude  30"  made  its  appearance,  and  this  in  the  two  following 
years  had  an  equatorial  trend. 

A  somewhat  similar  occurrence  took  place  in  the  southern 
hemisphere,  each  of  the  centres  of  action  moving  rapidly  towards  the 
equator. 

It  is  interesting  to  note  the  rapid  growth  and  decay  of  these  centres 
of  action,  an  example  of  which  is  shown  commencing  in  1879  in 
latitude  28**  in  the  northern  hemisphere. 

Attention  may  particularly  be  drawn  to  the  three  prominent  maxima 
of  the  curves  for  the  southern  hemisphere  in  the  years  1882  and  1883, 
which  indicate  that  at  this  period  there  were  three  definite  centres  of 
spot  action  in  existence. 

In  order  to  bring  within  a  small  compass  the  results  of  the  above 
analysis  for  the  whole  period  of  investigation  (the  above-mentioned 
forty-two  curves,  although  drawn  close  together  on  a  small  scale,  cover 
a  strip  of  paper  5  feet  in  length),  a  method  was  adopted  similar  to  that 
employed  in  the  case  of  the  prominence  reduction.* 

In  the  accompanying  plates  the  two  sets  of  curves  marked  A  indicate 
for  each  hemisphere  the  changes  in  the  positions  of  these  centres  of 
spot  activity  from  year  to  year  plotted  at  equal  intervals  of  a  year. 
The  striped  portion  is  deduced  from  Sporer's  observations,  and  the 
remainder  from  the  Greenwich  reductions.  These  lines  have  been 
proportionally  thickened  to  indicate  approximately  the  relative  amount 
of  spotted  area  at  these  centres  of  action,  or,  in  other  words,  the  heights 
of  the  maxima  points  on  the  yearly  curves.  These  curves  thus  indicate 
/or  each  year  the  positions,  as  regards  latitude,  of  the  particular  zones 

•  'Roy.  Soc.  Proc.;  vo\.7l»p\.^. 
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in  which  the  centoes  of  spot  activity  occur,  and  give  an  idea  of  the 
movements  of  these  centres  during  each  sunspot  cycle. 

In  this  paper  these  curves  have  been  called  "  spot-activity  tracks," 
but  it  is  important  to  point  out  that  this  term  is  not  necessarily 
applied  to  the  proper  motion  of  any  individual  spot,  but  simply  to  the 
changes  of  position  of  the  regions  in  which  they  are  most  numerous. 
As,  therefore,  the  term  ''spot-activity  tracks"  represents  the  different 
positions  of  the  regions  of  greatest  spot-activity,  so  "prominence- 
activity  tracks  "  may  be  employed  to  indicate  the  equivalent  variations 
as  regards  the  prominences  which  were  shown  in  a  previous  paper.^ 

These  "  spot-activity  tracks  "  have  possibly  a  terrestrial  equivalent  in 
the  variations  from  year  to  year  of  the  positions  of  the  "  Zugstrassen," 
or  cyclone  tracks  of  Koppen,  it  having  been  found  that  cyclones  in 
general,  which  move  in  the  direction  of  the  great  mass  of  air  carried  by 
primary  currents,  have  a  strong  tendency  to  pursue  somewhat  the  same 
tracks  according  to  the  place  of  origin. 

For  the  sake  of  comparison,  curves  B,  C,  and  D  in  each  plate  have 
been  added.  Curves  B  show  the  variations  of  the  mean  heliographic 
latitude  of  the  total  spotted  area  for  each  hemisphere  as  determined 
and  described  in  a  previous  paper,  t  ^ 

Curves  C  illustrate  the  distribution  and  changes  of  position  of  the 
centres  of  prominence  activity.  These  curves  are  somewhat  different 
to  those  previously  published,!  being  so  arranged  that  they  form  a 
continuous  series  from  the  year  1870.  The  small  circles  in  the  years 
1870 — 1871  represent  Respighi's  observations,  the  curves  from 
1872 — 1881  those  of  Tacchini,  and  the  remainder,  up  to  the  year  1902, 
Kicco  and  Mascari's  observations.  The  dotted  curves  previous  to  1870 
are  intended  only  to  give  a  rough  idea  of  the  prominence  variations 
based  on  a  repetition  of  the  observations  of  1872 — 1885.§  The  last 
curves,  namely,  those  marked  D  in  the  plates,  represent  the  variation 
from  year  to  year  of  the  total  spotted  area  on  each  hemisphere  of  the 
sun,  and  special  attention  was  drawn  in  a  previous  pu])licatioii||  to  the 
great  differences  between  the  two  hemispheres  at  the  times  of  sunspot 
maxima.  The  vertical  broken  and  continuous  lines  indicate  the  epochs 
of  sunspot  minima  and  maxima  as  determined  by  combining  the 
amount  of  spotted  area  on  both  hemispheres  of  the  sun. 

Reverting  now  to  the  curves  marked  A,  which  form  the  special 
subject  of  the  present  paper,  the  following  general  deductions  may  be 
made: — 

1.  From  smispot  minimum  to  minimum  there  are  three,  but  generally 

•  »Roy.  Soc.  Proc./  vol.  71,  p.  446. 
t  *  Roy.  Soc.  Proc.,'  vol.  71,  p.  449. 
:  '  Rot.  Soc.  Proc.,'  vol.  71,  pi.  6  and  7. 
§  '  Monfcbl/  yoticcB  R,  A.  S.,*  vol.  63,  No.  8,  p.  4&V. 
//  'iZof.  8oo.  Proo,/  vol  71,  p.  246,  footnoto. 
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four,  distinct  "spotractivity  tracks,"  or  loci  of  movements  of  the  centum 

of  actton  of  spot  distiirlmnce, 

2»  The  first  appearance  of  each  of  these  *' spot-act ivitjr  tnK'ks''' 
occurs  generally  lietween  a  sunspot  minimum  and  the  following 
maxinniin.  After  about  the  epoch  of  maximum  generally  no  new 
**  spot  activity  tracks  "  of  large  magnitude  are  commenced. 

3.  Their  first  appearance  is  mostly  in  higher  latitudes  than  20'  in 
each  hemisphere. 

4.  They  are  faintly  indicated  at  Rrat,  become  mofe  prominent  and 
distinct,  and  finally  thin  out  and  fa<le  away, 

5.  They  all  fade  away  in  regions  close  to  the  equator. 

6*  There  seems  to  l^e  a  tendency  for  each  aueeessire  *'  spot-activity 
track"  to  make  its  appearance  in  latitudes  higher  than  the  one 
preceding  it. 

T,  At,  or  a  little  after,  the  time  of  sunspot  maximum  there  is 
also  a  tendency  for  each  **  spot-activity  track  '*  to  retain  its  hititnde 
for  a  short  time. 

In  the  light  of  these  curves  it  is  interesting  to  analyse  those  formed 
by  plotting  the  mean  yearly  heliographic  latitude  of  spotted  area  for 
each  hemisphere :  these  are  given  in  the  accompanying  plates 
(Curves  B).  These  latter  curves  represent  the  drift  from  year  to 
year  of  the  mean  heliographic  spot  latitude,  and  illustrate  Sporer  s 
"  Law  of  Zones."  It  will  be  noticed  that  each  commences  in  high 
latitudes  about  the  time  of  sunspot  minimum,  and  gradually  approaches 
the  equator  until  the  epoch  of  the  following  minimum,  when  a  new 
cycle  in  high  latitudes  recommences.* 

An  important  point  to  be  noticed  about  this  series  of  curves  is  that 
each  is  of  a  waii/  nature.  This  peculiarity  is  clearly  shown  even  in 
the  plate  illustrating  Sporer's  reduction t  which  covers  the  period 
1854 — 1880.  There  the  curves,  representing  the  mean  spotted  area 
and  the  mean  heliographic  spot  latitude  for  both  hemispheres 
combined,  were  compared,  and  Sporer  pointed  out  some  anomalies 
between  these  mean  curves  and  those  formed  by  joining  the  actual 
points  of  observation.  So  conspicuous  were  these  anomalies  at  one 
epoch  (even  after  many  of  the  pecidiarities  had  been  lost  by  combining 
the  two  hemispheres  instead  of  treating  them  singly),  that  he  drew 
attention  to  them  in  the  following  words}  :  "  Nun  sieht  man  an  den 
Beobachtungspuncten,  welche  bei  der  Breitencurve  eingetragen  sind, 
<lass  die  aus  specieller  Rechnung  hervorgehende  Curve  ehen/alls  eim' 

•  These  curves  should  overlap,  but  the  unit  of  time,  namely,  the  year,  here 
employed,  masks  this  feature. 

t  *  Publicationen  des  Astrophjsikalischen  Observatoriums  zu  Potsdam,'  vol.  2, 
Erstes  Stuck,  No.  6,  Tafel  32. 
^  'Publicationen  des  Astrophjsikalischen  Obscnratoriums  zu  Potsdam,'  vol.  2, 
^ntea  Sliiek,  No.' 5,  p.  81. 
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JFelle  liefem  tcurde^  und  zwar  hatte  diase  ihre  grosste  Erhebiing  gegeii 
Ende  des  Jahres  1875."  As  will  be  seen  from  a  further  quotation 
from  the  same  page,  Sporer  distinctly  noticed  subsidiary  increases  of 
spotted  area  and  a  reversion  of  spots  to  higher  latitudiBS,  and  this  drew 
from  him  the  conclusion  that  the  epoch  of  the  following  siuispot 
minimum  would  be  late. 

He  wrote  (page  81),  "die  Ursache,  welche  eino  Erhebimg  der 
Breitoncurve  bewirkte,  d.  h.  welche  veranlasste,  doss  in  hoheren  Breifen 
als  vorher  Flecke  entstaTiden,  dadurch  auch  Veranlassung  gewesen  ist,  dass 
wiederum  Vermehrung  der  Flecke  eintrat  und  damit  auch  das  Flecken- 
Minimimi  fiir  langere  Zeit  verzogert  wurde." 

Again,  from  the  solar  observations  made  at  the  KaWcsa  Observatory 
during  the  years  1880 — 1884,  both  years  inclusive,  Dr.  Braun* 
depicted  in  a  graphic  manner  the  progressive  changes  in  the  mean 
heliographic  latitude  of  the  spots  during  this  period,  and  drew  attention 
to  the  differences  between  the  mean  curve  and  that  passing  strictly 
through  the  points  of  observation  (fig.  2).     The  mean  ciu*ve  he  foiuid 
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Diagram  to  illustrate  for  the  years  1880 — 1883  the  differences  between  tlie  curve 
showing  the  decrease  of  the  mean  heliographic  latitude  for  the  entire  spotted 
area  of  both  hemispheres  taken  together  (continuous  curve),  and  that  obtained 
by  a  less  smoothed  curve  (dotted)  passing  through  the  points  of  tlie  actual 
observations. 


•  *  Berichte  ron  dem  ErzbiachoBicli  Hajunldschen  Observa\oTVUu\  iw^t^o^^^viv 
Ungsrn, '  ron  Carl  Braun,  8.  J.    Miinster  i.  W,,  1 886. 
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to  coatinually  approach  the  equator,  btU  superposed  upon  the  line  of 
ntiiforni  Hescent  was  a  series  of  minor  oscillations^  In  this  connection 
ho  wrote  :*  "  Qie  Sporer'sche  Entdeckang  der  in  jeder  Periode 
Aiiftretenclen  Aiinaherung  der  Flecken  Zone  gegen  den  Aequator  findet 
somit  in  luisern  Beobachtungen  eine  uonusske  tin  bare  Bostatignng. 
Allcrdiiigfi  sind  die  Zeichnimgen  nicbt  durehaus  von  demselbon  Gehilfen 
ansgefiilirt  worden,  und  dieser  Umstand  mag  eitiigen  Einfluss  in  Bezug 
Auf  diese  Wahrnehmung  hahen  .  .  .  Sebr  aufTallend  erscheint 
eine  gewiase  iecnndaro  periodiBche  Schwankung  der  niittloren  Breite 
mit  etner  Periode  von  etwa  1  Jalir  und  einer  Amplitude  von  reichlicli 
2  Graden  .  .  .  Diose  mag  wohl  einem  Zufall  ziizuschrieben  sein, 
welche  nur  wahrend  dieiier  vier  Jahre  obwaltete,  \'ielleicht  auch  mit 
fleni  Wechsel  der  Zeichner  in  Zusammenhang  steht,  Doch  ware  es 
immerhin  von  Interesse,  dass  diese  Wahrnehmting  durch  die  Discussion 
ariderweitiger  Beobachtungen  gepriift  und  eveutuell  niiher  untersucht 
wiirde." 


The  present  inyestigation  seems  to  throw  light  on  these  peculiar 
changes  of  curvature  shown  by  the  mean  heliographic  latitude  curves. 
These  latter  (Plates  4  and  5,  Curves  B)  are  individually  really  nothing 
more  than  the  integration  of  the  corresponding  Curves  A.  Every 
change  of  curvature  in  Curves  B  is  due  to  either  the  outburst  of  spots 
in  another  "spot-activity  track"  or  by  one  "spot-activity  track" 
becoming  more  intensified  in  relation  to  another,  or  lastly  by  the 
extinction  of  a  ''  spot-activity  track  "  as  the  equator  has  been  reached 
as  shown  in  the  Curves  A. 

To  illustrate  this,  let  the  curve  for  the  mean  heliographic  spot 
latitude  in  the  southern  hemisphere  (Plate  5,  Curves  B)  beginning  in 
the  year  1879  be  considered.  This  is  practically  the  period  referred  to 
above  by  Dr.  Braun. 

At  this  time  there  is  only  one  "  spot-activity  track "  (latitude  22°) 
in  existence,  as  shown  in  Plate  5,  Curve  A ;  90  Curve  B  consequently 
commences  in  the  same  latitude.  By  the  next  year  the  "  spot-activity 
track"  (Curves  A)  has  reached  latitude  17*,  and  a  new  one  has  made  its 
appearance  in  latitude  25°.  Curve  B,  therefore,  takes  the  mean  position 
of  about  20%  when  allowance  has  been  made  for  the  difference  of 
intensity  of  these  two  tracks. 

In  the  following  year  1881  both  these  "spot-activity  tracks"  have 
approached  nearer  the  equator,  but  another  has  appeared  in  latitude  25*, 
so  that  the  mean  latitude  for  the  whole  hemisphere  has  only  slightly 
changed. 

By  the  year  1882  still  another  "spot-activity  track"  has  come  into 
-existence  in  latitude  28",  while  the  first "  spot-activity  track  "  mentioned 

•  Ibid.,  p.  83. 
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above  has  vanishel  The  mean  latitude  for  the  whole  hemisphere,  as 
is  indicated  in  Curve  B  for  this  epoch,  is  increased  to  latitude  20\ 
After  this  all  three  "  spot-activity  tracks  "  approach  the  equator  and 
Curve  B  does  the  same,  but  owing  to  the  relative  changes  in  the 
amount  of  the  spotted  area  in  each  of  these  '*  spot-activity  tracks  "  as 
indicated  by  their  thickness,  the  mean  heliographic  latitude  curve 
suffers  another  change  of  curvature  in  1885.  In  a  similar  way  the 
various  changes  of  curvature  in  all  the  other  curves  (Ciure  B)  can  be 
accounted  for. 

Particular  attention  has  been  drawn  to  the  fact  that  about  the  times 
of  sunspot  maxima  there  is  considerable  spot  activity  in  the  highest 
spot  latitudes,  which  according  to  Sporer's  law  would  not  be  expected. 

The  following  extract  expressing  the  impressions  of  Messrs.  De  L:i 
Rue,  Stewart  and  Loewy  on  this  point  is  therefore  of  interest,  since 
it  shows  that  such  activity  at  the  maximum  of  1871  was  even  remarked 
as  long  ago  as  1872.*  '*  A  striking  feature  of  last  year's  observations 
seems  to  have  been  the  occurrence  of  groups  in  comparatively  high 
latitudes,  especially  in  the  southern  solar  hemisphere;  a  group 
observed  between  March  21  and  23  had  the  almost  unprecedented 
high  latitude  of  43°,  while  latterly,  towards  the  end  of  the  year, 
several  groups  in  almost  as  high  a  latitude  have  repeatedly  made 
their  appearance." 

The  Wilna  observers  also  drew  attention  to  the  high  latitudes  of 
some  spots  about  this  maximum  period,  1869 — 1871,  as  can  be 
gathered  from  the  following  extract.! 

"  Generally  speaking,  during  the  last  three  years,  about  the  last 
maximiun,  the  spots  were  most  distant  from  the  equator ;  five  spots 
were  observed  near  latitude  38" ;  three  about  latitude  40 — 43** ;  one 
at  b\Y  latitude,     .     .     ." 

A  word  may  finally  be  said  as  to  the  relationship  between  the  curves 
representing  the  "spot-activity  tracks"  (Curves  A),  and  those 
indicating  the  "prominence-activity  tracks"  (Curves  C).  As  was 
pointed  out  in  a  previous  communication  J  the  general  drift  of  the 
prominence  activity  is  from  low  to  high  latitudes. 

It  is  of  interest  here  to  note  that  from  the  time  of  a  sunspot 
minimum  when  the  "  prominence-activity  tracks  "  are  approaching  more 
rapidly  high  latitudes,  up  to  about  a  sunspot  maximum  when  they 
reach  their  highest  positions,  nearly  all  the  "  spot-activity  tracks  "  come 
into  existence.  Further,  the  nearer  the  "  prominence-activity  tracks  " 
approach  the  poles  the  higher  in  latitude  do  these  "  spot-activity 
tracks "  also  occur,  and  this  is  the  case  for  each  hemisphere  of  the 
sun  separately. 

*  'Monthly  Notices  R.  A.  S.,'  1872,  vol.  32,  p.  225. 
t  *  Report  of  the  Committee  on  Solur  Physic^/  1882,  \>.  VoT^. 
t  'Bof  Soc.  Proc,/  vol  71,  p.  4o2. 
VOL.  LXXIIL  >,V 
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What  the  actual  connection  1>etwe6ti  these  two  different  systems 
of  currents  is,  it  is  not  |K>3STble  yet  to  say,  but  theee  facts  suggest 
ft  very  close  relationship. 

In  conclusion,  I  wish  to  express  my  thanks  to  Mr.  T.  F.  Couoolly, 
computer  in  the  Solar  Physics  Observatory,  for  his  i^sistance  in 
making  the  reductions  and  dniwing  the  numerous  curves. 

The  result  of  the  investigation  leads  to  the  following  conclusions : — 
L  Spdrcr*s  law  of  spot  zones  is  only  approximately  true,  and  gives 
only  a  very  general  idea  of  sunspot  circulation. 

2.  Spiirer's  cnrv*es    are    the   integrate    result    of  two,  three  and  ' 
sometimes  four  ** apot-aetivity  track  ''  curves,  each  of  the  latter  falling 
nearly  continuously  in  latitude. 

3.  Sporer*Sj  and  many  other  previous  reductions  hnvt  indicated 
the  peculiar  **  wavy  '^  nature  of  the  integrateti  curve,  which  peculiarity 
is  here  shown  to  l)e  for  the  most  part  real  aiid  not  due  Ut  erroi*s  of 
observation,  etc. 

4.  Outbursts  of  spots  in  high  latitudes  are  not  restricted  simply 
to  the  epochs  at  or  about  a  sunspot  minimum,  but  occur  even  up  to 
the  time  of  sunspot  maximum. 

5.  The  successive  commencement  of  the  "  spot-acti\-ity  tracks "  in 
higher  latitudes  between  a  sunspot  minimum  and  maximum  seem- 
to  be  closely  related  to  the  "  prominence-activity  tracks "  at  thep^** 
periods. 


Eo^.  Soc.  Pivr.,  i-tA.  73,  Piafc  4. 
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"  On  the  Compressibilities  of  Oxygen,  Hydrogen,  Nitrogen,  and 
•  Carbonic  Oxide  between  One  Atmosphere  and  Half  an 
Atmosphere  of  Pressure,  and  on  the  Atomic  Weights  of 
the  Elements  concerned. — Preliminary  Notice."  By  Lord 
Kayleigii,  O.M.,  F.E.S.  Keceived  Februarj'  3. — Kead 
February  11,  1904. 

The  observations  now  referred  to  were  conducted  with  an  apparatus 
designed  upon  the  same  lines  as  that  already  described.*  It  must 
suffice  to  mention  that  the  only  important  modification  lay  in  the  fact 
that  the  two  single  volumes,  which,  when  employed  together,  con- 
stitute the  double  volume,  were  used  separately  and  alternately,  so  as 
to  eliminate  in  each  set  of  measurements  any  question  as  to  what  the 
ratio  of  these  volumes  exactly  is.  It  is  hoped  to  give  a  full  description 
of  the  method  when  it  has  been  extended  to  the  examination  of  other 
giises,  such  as  nitrous  oxide  and  carbonic  anhydride.  The  tem- 
peratures ranged  from  10' — 15",  and  care  was  taken  that  in  each 
measurement  the  mean  temperatures  should  bo  almost  exactly  the 
same  for  the  single  and  for  the  double  volume. 

The  results  were  reduced  much  as  previously  explained,  and  give 
for  the  values  of  B,  which,  according  to  Boyle's  law,  should  be 
unity. 

Oxygen 1-00040 

Hydrogen 0'99976 

Nitrogen  1-00017 

Carbonic  oxide 1*  00028 

B  here  denotes  the  quotient  of  the  value  of  pv  at  the  half  atmosphere 
])y  the  corresponding  value  at  the  whole  atmosphere.  That  it  would 
])e  less  than  unity  in  the  case  of  hydrogen,  and  exceed  unity  for  the 
other  gases,  is  what  would  be  anticipated  from  their  behaviour  at 
higher  pressures. 

If  we  measure  p  in  atmospheres,  and  assume,  as  has  usually 
heen  done,  t'Jj.,  by  Regnault  and  Van  dor  "Waals,  that  at  small 
pressures  the  equation  of  an  isothermal  is 

pv  =  PV  (!+«/>), 

where  PV  is  the  value  of  the  product  in  a  state  of  infinite  rarefaction, 
then 

a  =  2(1-6). 

Probably  the  chief  interest  of  a  knowledge  of  the  coefficient  a  is 

•  "  On  the  Law  of  the  Pressure  of  Gases  between  75  wid  \t^  1&?^\w\^Vt^*.  vA 
\iercurjr,''  'FhiJ.  Tmne./  A,  roL  198,  pp.  417—430, 1902. 
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the  application  to  deduce  a  correction  to  the  relative  densities  of  ga^ets 
aa  obfierved  at  atmoapheric  pre&sure,  bo  as  to  determine  what  would  1>e 
the  relative  densities  iu  a  state  of  great  rarefactiont  to  M-hieh  alone 
Avogadro's  law  is  applicable.* 

Taking  oxygen  m  a  standard,  we  i^ee  that  the  amall  correcting 
factor  to  be  mtroduced  in  order  to  pass  from  the  ratio  of  densities  at 
one  atmosphere  to  that  at  great  rarefaction,  is  (1 +«)/(! +«(t),  or 
1+2  (B^  -  B),  the  suffix  0  relating  to  oxygen,  that  is,  as  follows : — 


ip 


Hydrogen 1  00128 

Nitrogen  1  00046 

Carbonic  oxide. „, 1*00034 


The  double  of  the  first  number,  i-iz.,  2-002G,  represents*  aecording 
to  Avogadro's  law,  the  volume  of  hydrogen  whteh  combines  with  one 
volume  of  oxygen  at  atmospheric  pressure  to  form  water.  l>ireet 
determinations  by  Scott  gave  2-00345,  and  Morley,  in  his  later  work, 
found  2*0027,  so  that  there  is  here  a  good  agreement. 

The  following  table  gives  the  densities  of  the  various  gases,  referrcil 
to  oxygen  =  16,  at  atmospheric  pressure  and  at  very  small  pressure, 
as  deduced  from  my  own  oliservations.t 

AtiQospberio  Very  imjill 

Hydrogen ,..„.       rO075  1-00^8 

Nitrogen  14^003  14*009 

Carbonic  oxide  ........      1 4  ■  000  U  ■  00:j 

From  the  i^searehes  of  M.  Leduc  and  Professor  MorleVr  it  h 
probable  that  the  above  numbers  for  hydrogen  are  a  little,  perhftp^ 
one  thousandth  part,  too  high. 

The  uncorrecto<l  number  (14^003)  for  nitrogen  has  ulrejidy  been 
given,!  and  contrasted  with  the  14-05  obuuned  byStas.  This  questioL 
deserves  the  attention  of  eh  em  is  is.  If  Avogadro*s  law  be  strictly  true, 
it  seems  impossible  that  the  atomic  weight  of  nitrogen  can  be  14^05. 

From  the  molecidar  weight  of  CO,  viz.»  26  "006,  we  deduce,  as  tht 
atomic  weight  of  carbon,  12*006, 

It  should  he  mentioned  that  D.  Berthelot§  has,  meanwhile,  calculateti 
very  similar  numbers,  based  upon  the  observations  of  Leduc. 

•  The  applic^tiun  to  oivgcD  und  byumgeu  wa#  made  m  mj  p^ijer^  **Ou  tlie 
ReUtire  D^nsitlca  of  Oiygpa  and  Ilydrugpn/^  *  ^OT'  *^-  l*rtH%/  toI-  5f>j  \\.  44H, 
1892 ;  *  fcJcientiJic  Piiiiere,'  toL  3,  p.  525, 

t  *Roj.  :^oc.  rroc./  voL  53,  p.  VU,  1893  j  toI.  62,  p.  204,  imi  v  *  ik-ientifjr* 
Plftpefs,'  Tol.  4,  pp.  39,  352. 

X  Rnj^eigh  liiid  R«Ui*Hj,  '  P]uL  Truns,/  A,  rpl.  ISH,  p.  1S7.  1$95. 
§  '  Compter  nt^ndut^;  im^ 


{ 


1904]  Theory  of  AmphotciiHc  Electrolytes,  155 


"  Theory  of  Amphoteric  Electrolytes."  By  Professor  James 
Walker,  F.R.S,,  University  College,  Dundee.  Received 
February  3,— Read  February  18,  1904. 

During  the  past  few  years  considerable  attention  has  been  devoted 
to  the  behaviour  of  amphoteric  electrolytes,  t.e.,  of  substances  capable 
of  behaving  as  acids  towards  bases  and  as  bases  towards  acids.  The 
most  exhaustive  investigation  of  such  substances  is  that  by 
Winkelblech,*  who  determined  by  the  customary  hydrolytic  methods 
the  dissociation  constants  of  a  number  of  amino-acids,  both  with 
respect  to  their  ionisation  as  acids  and  as  bases. 

The  ionisation  theory  of  these  amphoteric  electrolytes  has  not  yet, 
however,  been  fully  worked  out,  although  the  fundamental  equilibrium 
equations  have  already  been  stated  by  Bredig,t  and  it  is  the  object 
of  this  paper  to  present  the  theory  from  the  standpoint  of  the  law  of 
mass  action  and  Arrhenius's  theory  of  electrolytic  dissociation. 

It  is  necessary  first  to  deduce  Ostwald's  dilution  law  for  simple 
electrolytes  in  the  form  in  which  we  shall  afterwards  meet  with  it. 
When  an  acid,  say  acetic  acid,  is  dissolved  in  water,  the  equilibrium 
l)ctween  the  ions  present  in  the  solution  is  expressed  by  means  of  two 
equations,  one  regulating  the  equilibrium  between  hydrion  and  the 
hydroxidion  derived  from  the  water,  the  other  regulating  the 
ei[uilibrium  of  hydrion  and  the  anion  of  the  acid.  Let  the  active 
masses  (molecular  concentrations)  of  the  various  substances  involved 
be  expressed  as  follows  : 

Hydrion  H+    Hydroxidion  OH"       Anion  X"*        Unionised  acid  HX 
a  h  c  u 

then,  from  the  law  of  mass  action, 

ab  =  K  (1),  tic  =  I'aU  (2), 

where  K  is  the  constant  ionic  product  for  water,  which  includes  within 
it  the  constant  active  mass  of  water,  and  ka  is  the  dissociation  constant 
of  the  acid.  Now  in  order  that  the  solution  may  be  electrically 
neutral,  the  concentration  of  the  positive  ion  must  be  equal  to  the  sum 
of  the  concentrations  of  the  negative  ions,  i.^., 

a  =  b  +  c (3) 

Summing  (1)  and  (2)  and  substituting  a  for  h  +  r,  we  obtain 

a^^K+l'aU    (4). 

*  'Zeit.  t  physiked,  Chem.,*  toI.  a«,  p.  M6,\^\. 
f  'Zeit.  /.  Elektrochemie;  vol.  6,  p.  a\,  \«9^. 
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For  aeids  of  moderate  sti'ength  the  value  of  a  may  \m  c»Vitai!iefl  from 

meafiuremenu  of  the  electrical  conductivity  of  the  ealutioiis,  and  it  has 
been  found  thflt  the  results  are  then  generally  expressible  by  means  of 
Ostwald's  dilution  fonnuJa, 

ka  being  the  dissociation  constant  of  the  acid.  For  all  substances 
acce^ible  to  direct  electrical  measin-enjent,  the  two  eKpiessions  are  in 
praetice  identical,  for  A"  at  25'  has  the  value  12  x  10^^*,  whilst  the 
product  ka  n  has  at  least  the  value  10"^^  As  far  then  as  conductivity 
meiaaurement^*!  are  concerned,  OstwakUs  simple  formtda  may  be  used 
instead  of  the  strict  theoretical  fonnula, 

\Vheu  we  eouaider  the  state  of  an  amphoteric  snlistAnce  such  ha 
glycine,  amino-acetic  acid,  XH^.CH^.COOH,  in  aqueous  solution^,  it  is 
apparent  that  if  it  acts  both  a.^  acid  and  as  bast'  it  must  give  rise 
to  both  hydiion  H^  and  hydroxidion  OH',  the  relative  concentrations 
of  which  arc  regulated  by  equation  (I),  which  holds  good  for  all  dilute 
aqueous  solutions  whatsoever.  Further,  if  the  substance  is  capable  of 
behaving  as  acid  and  as  base  simultaneously,  the  acid  portion  must 
neutralise  the  basic  portion  and  form  a  salt.  There  are  two  proUible 
alternatives  for  the  mode  of  neutralisation,  first,  the  acid  and  the  basic 
portion  of  one  molecule  may  neutralise  each  other,  thus 

CH0.NH2        CHo.NHs 

COOH  COO 

or,  second,  the  acid  portion  of  one  molecule  may  neutralise  the  basic 
portion  of  another,  thus 

CHo.NH.       HOOC  CH..NH3.OOC 

I  +1=1  I 

COOH  HoN.CH,  COO  .  NHh  .  CH, 

As  the  former  alternative  is  more  simple  than  the  latter,  and  is  in 
accordance  with  known  facts  regarding  the  molecular  weight  of  such 
substances  in  solution,  we  shall  adhere  to  it  in  the  following 
deductions. 

Since  we  are  unable  by  the  methods  here  inider  discussion  to 
distinguish  between  the  unionised  isomeric  forms  NHo.CHo.COOH  aii<l 

NH3.CH2.COO,  and  since  by  the  law  of  mass  action  they  must  always 

exist  is  solution  in  invariable  proportions,  provided  the  temperature  is 

constant,  we  may  for  present  purposes  treat  them  as  being  one  and 

the  same  substance.     Similarly  with  regard  to  the   hydrated   form 

'ffO.NHs.CH'j.COOH  formed  from  either  of  the  anhydrous  forms  by 

Edition  of  nater,  the  mass  action  law  \eada  U>  t\ift  towdwsvow \,W\.  live 

r>portion  of  it  re/atively  to  the  total  \ii\ioi\\aeA  ^y  wcv^  \w  VV^  ^oVvW^w 
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must  be  constant.*  From  this  hydrated  form  we  may  assume  the 
ions  to  be  derived.  If  the  substance  acts  as  base  the  ions  produced 
are  NH3.CH2.COOH"^  and  OH" ;  if  it  acts  as  acid  the  ions  are  H+ 
and  OH.NH8.CH2.COO~,  or  the  corresponding  anhydrous  ion 
NH2.CH2.COO".  lonisation  of  the  internal  salt  would,  of  course,  give 
rise  to  the  same  positive  and  negative  ions  of  the  glycine  as  those 
just  mentioned.  As  a  matter  of  fact,  according  to  the  dissociation 
theory,  all  of  these  ions  must  exist  together  in  aqueous  solution  of 
glycine,  and  we  shall  now  proceed  to  develope  the  appropriate 
equilibrium  equations. 

In  general  an  amphoteric  electrolyte  H.X.OH  will  form  the  ions 
H^,  OH",  H.X"*",  and  X.OH",  the  unionised  portion  being  either  the 
hydrous  form  H.X.OH  or  the  anhydrous  form  X.  Let  the  active 
masses  of  the  various  substances  for  equilibrium  be  represented  as 
under : — 

H+         OH-        XOH-      HX+     HXOH        X 
a  b  c  d  e  f 

For  equilibrium  between  the  various  positive  and  negative  ions  in 
pairs  we  have 
a/>  =  a:  ...  (5),     ac  =  /;>  ...  (6),     M  =  /:V  ...  (7),     cd  =  Qf^'  ...  (8). 

Here  we  assume  for  the  moment  that  the  combination  of  the  ions 
c  and  (/  gives  rise  to  the  anhydrous  form  X,  in  order  to  show  from 
the  ionic  equations  that  t  is  proportional  to  /,  as  has  already  been 
deduced  from  a  consideration  of  the  unionised  substances  alone. 
MiJtiplying  (6)  and  (7)  together  we  obtain 

abed  =  k'a/c'i/', 

or,  substituting  from  (5)  and  (8), 

i.e.,  the  ratio  of  tf  to  /  is  constant,  the  magnitudes  /;'«,  l^'bt  ^  and  Q  being 
all  invariable.  This  result,  that  the  relative  proportions  of  the  hydrous 
and  anhydrous  forms  are  independent  of  the  dilution,  has  already  been 
deduced  in  another  way  by  Bredig.t 

Seeing  now  that  the  total  unionised  substance  is  always  proportional 
to  e,  we  may  rewrite  equations  (6)  and  (7)  in  the  form 

wi  =  kali  (6«),  bd  =  A'fcW  ^...  (7a), 

in  which  a  represents  the  active  mass  of  the  total  imionised  solute. 
The  constants  ka  and  kh  are,  of  course,  different  from  k'a,  and  k'l,,  and 
represent  the  dissociation  constants  accessible  to  measurement  from 
hydrolysis  experiments  or  the  like. 

*  Compare  W&lker,  '  Jour.  Chem.  Soc.;  To\.  ^,  p.  \ft^  V>^««^. 
f  Zoe.  cti. 


Now  the  srnn  of  tbe  concGntrationg  of  the  positive  ions  miist  be  eqtia! 
to  the  sum  of  the  coiiceiitmtioii  of  the  negative  ions,  i,t,^ 

tl  -^d  i^  ft  -^ .% 

Off  eubstituting  the  vulueR  of  i?  and  d  from  (9)  fuifl  {10)^ 

«(i+*^h)  =  /.(i+^«)  (nv 

Multiplying  both  sides  by  a,  and  again  making  use  of  (5),  we  obtain 


K+kgU 


(12), 


or 


l+^« 


From  equation  (5)  we  obtain  b  in  terms  of  a ;  the  value  of  d  is  given 
by  (9) ;  and  finally  from  (10)  and  (5)  we  obtain 

c  =  katia. 

We  are  now  able  to  express  the  concentrations  of  the  various  ions 
present  in  the  aqueous  solution  of  an  amphoteric  electrolyte  if  we 
know,  as  is  in  many  cases  easily  possible,  the  concentration  of  the 
imionised  substance,  the  dissociation  constants  of  the  substance  acting 
as  acid  and  base  respectively,  and  the  ionisation  constant  of  water. 

From  the  above  formule  it  is  evident  in  the  first  place  that  the 

electrical  conductivity  when  treated  in  the  ordinary  way  forms  no 

measure  of  the  a€icUty  or  even  of  the  ionisation  of   the  dissolved 

electrolyte,  for  besides  hydrion  there  is  the  positive  ion  HX*^,  the 

concentration  of  which  may  greatly  exceed  the  concentration  of  the 

hydrion,  and  whose  velocity  can  only  be  about  one-fifth  of  the  velocity  of 

hydrion.     The  total  conductivity  is  in.  fact  the  sum  of  four  terms,  each 

coD8JBting  oi soi  ionic  concentration  multiplied  into  the  corresponding 

joma  velocity.    It  may  be  aeen  from  equatiou  (^9^  tibaX  \\l«  ^s(>\i^«ivVnb\A.ck\\^ 

a/"  the  two  poeitive  iona  are  equal  w\ieu  u=K|lcv    ^  ^"^^  \wv\^^ 
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proportioii  is  small  compared  with  the  unionised,  then  u  is  approxi- 
mately equal  to  1/t^,  where  v  is  the  number  of  litres  in  which  one  gramme- 
molecule  is  dissolved,  and  the  concentrations  of  the  positive  ions  will 
liecome  equal  when  i;  is  approximately  equal  to  k^jK,  At  greater 
dilutions  a  is  greater  than  d ;  at  less  dilutions  d  is  greater  than  a. 

In  order  to  see  clearly  how  different  an  amphoteric  electrolyte  is  in 
its  conductivity  relations  from  a  simple  electrolyte,  whether  acid,  base, 
or  salt,  we  may  consider  the  case  for  which  ka^k^^  i-e.y  where  the 
substance  is  of  the  same  strength  as  acid  and  as  base.  From  (11)  we 
deduce  a^b^  and  since  from  (5)  the  product  ab  is  constant  for  all  dilute 
solutions,  it  follows  that  the  concentration  of  hydrion  and  hydroxidion 
is  equal  to  the  concentration  of  these  ions  in  pure  water,  i.e.,  the 
substance  is  at  all  dilutions  absolutely  neutral.  Its  solutions,  therefore, 
behave  in  this  respect  like  those  of  a  neutral  salt,  but  differ  from  them  in 
the  effect  of  dilution  on  the  molecular  conductivity.  From  (9)  and  (10) 
namely,  w;e  find  that  c  =  e^,  and  that  c  +  dis  proportional  to  k,  since  a  Ia 
here  constant.  The  ionised  proportion  is  thus  a  constant  fraction  of 
the  total  dissolved  substance  independently  of  the  concentration,  and 
consequently  the  molecular  conductivity  is  independent  of  the  dilution. 
Comparing  different  substances  of  this  type  with  each  other,  the 
proportion  ionised  is  seen  to  vary  directly  as  k.  If  a  substance  at  25'' 
hadka=kt=l'2x  I0~%  that  is,  if  the  acidic  and  basic  constants  were 
more  than  100  times  less  than  those  of  acetic  acid  or  ammonia,  the 
value  of  d  derived  from  (9)  would  be  Tlw,  or  the  substance  would  be 
ionised  to  the  extent  of  52  per  cent,  at  all  dilutions,  and  therefore  a 
good  electrolyte. 

Comparing  generally  the  expression  a-  =  ****  deduced  for  an 

amphoteric  electrolyte,  with  the  ex]^reasion  a^  =  K  ■{•  kai(  deduced  for  a 
simple  acid  with  the  same  acid  constant,  we  see  that  the  former  is 

equal  to  the  latter  divided  by  1  +  it  ^'.     When  h  =  0,  that  is,  when  the 

A 

electrolyte  has  no  basic  character,  the  divisor  Ijccoraes  equal  to  unity, 

and  the  expression  for  a  simple  acid  is  obtained.     When  h/K  and  n 

have  finite  values,  it  is  obvious  that  the  amphoteric  electrolyte  cannot 

strictly  obey  Ostwald's  dilution  law.     If,  however,  either  k^lK  or  u  is 

very  small,  Ostwald's  dilution  law  is  approximately  followed,  for  then 

the  values  of  a  from  the  simple  and  amphoteric  formulae  become  nearly 

equal,  and  the  expression  d  ^  ^ua  lor  the  concentration  of  the  other 

A 

positive  ion  nearly  vanishes.    The  smaller  the  basic  dissociation  constant, 

then,  and  the  greater  the  dilution,  the  more  likely  is  the  amphoteric 

electro!^  to  follow  the  dilution  law  characteriftt\(^  ol  Arn^'b  ^^x^'^  wA 

bases. 
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Of  thfi  amphoteric  ^aubetmices  measured  by  Winkelblech*  all  «faow 
H  ratio  Lf^  K  at  least  equal  to  100.     In  ankr  then  that  the  expression 

^  «  should  become  small  in  compariBon  with  unity,  the  eoncentratioti  of 

the  utiioTiiscfl  ^ul>8taiic6  (which  i^  roughly  equal  to  the  total  couceHtm- 
tioti  for  the  eom pounds  he  investigated)  must  be  of  the  order  10'*, 
that  kj  r  nrnet  be  of  the  order  10,000.  Solutions  of  feeble  eleetroljnes 
having  this  dihition  are  practically  beyond  our  ordinary  means  of 
measurement  of  electrical  conduct! nty,  so  that  we  may  conclude  that  at 
customary  dilutions  the  ampbotenc  electrolytes  studied  by  Winkelblech 
cannot  give  a  dissociation  constant  when  the  values  of  the  conductivity 
are  treated  in  the  ordinary  way,  Tbiu  conclusion  is  in  accordance  with 
V^'iiikelblech's  electrical  measuremente,  from  which  he  endeavoiu^  in 
five  instances  to  calculate  a  diasociation  conatont*  The  values  he 
obtaiiied  at  ^liffere^it  dilutions  varied  for  each  suHgtanee  fr^mi  20  to  50 
per  cent. 

In  order  to  exhibit  the  effect  of  the  presence  of  even  feebly  marked 
basic  character  in  an  amphoteric  acid,  I  have  calculated  the  concen- 
trations of  the  positive  ions  H"^  and  HX"*"  for  substances  possessing  the 
acid  constiint  /.«=  10"*  and  basic  constants  ki,=  1*2  x  10"*^  1*2  x  lO~^^ 
1*2  X  10"*-,  and  1*2  x  10"**  respectively,  the  corresponding  ratios  k'tlK 
at  25'  being  1,  10,  100,  and  1000.  The  calculation  was  made  for  the 
most  part  by  approximation,  it  being  assumed  in  the  first  instance  that 
the  total  concentration  was  equal  to  the  concentration  of  the  unionised 
substance.  A  second  approximation  in  which  the  value  of  u  obtained 
from  the  first  calculation  was  adopted  usually  sufficed.  If  a  great 
many  dilutions  have  to  be  calculated,  the  employment  of  graphical 
methods  may  effect  a  saving  of  time. 

In  the  following  table  all  values  of  a  and  d  have  been  multiplied  by 
10*.  For  comparison,  the  values  for  kt/K  =  0,  i.e.y  for  a  simple  acid 
have  been  added. 

ka  =  10-*. 


k,;K 

=  0. 

'  k,IK 

=  1. 

k,IK 

=  10. 

*^/a:=  100. 

*.,X  = 

=  1000. 

V. 

a. 

d. 

1 

1  a, 

1 

(i. 

a. 

(f. 

a. 

rf. 

1    " 
1 

1  9-99 

d. 

1 

316 

0 

224 

223 

95*3 

943 

31-5 

3030 

9091 

10 

100 

0 

95 

8-5 

70-5 

69-5 

301 

291 

1  9-94 

904 

100 

31-2 

0 

1  31-0 

0-3 

29-7 

2-9 

22  1  1  21-0 

1  9-49 

St; 

1000 

9-5 

0 

9-5 

0-0 

9-4 

0  1 

9-06    0-8 

1 

i  6-79 

u 

Tire  values  of  a  for  a  given  dilution  laW  of[  aa  Icb  '\ww^sv&^?»,  «^ud  that 
•  Loe.  ext,  p.  5K7. 
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the  more  rapidly  as  the  dilution  is  small.  It  will  be  noticed  that  d 
varies  with  the  dilution  much  more  rapidly  than  a,  which  for  high 
values  of  ki,  becomes  nearly  independent  of  the  dilution.  What  is  most 
deserving  of  attention  is  that  although  for  I'bjK  =  1000  the  value  of 
the  acid  constant  ha  is  still  nearly  ai  million  times  greater  than  the 
value  of  the  basic  constant  1^^  the  acidity  of  the  amphoteric  substance 
is  greatly  diminished  at  small  dilutions,  being  for  example,  at  {'  =  10 
only  one-tenth  of  that  of  a  simple  acid  with  the  same  constant. 
Although  the  concentration  of  the  chief  conducting  ion  of  acids  is  thus 
greatly  diminished,  this  diminution  may  be  more  than  compensated  by 
the  comparatively  great  concentrations  of  the  slower  ion  HX'*'  which 
appear  at  the  same  low  dilutions. 

With  regard  to  the  negative  ions  OH"  and  XOH",  it  may  be  seen 
from  (5)  that  in  the  cases  above  considered  h  cannot  exceed  the  value 
10~^S  and  may  thus  be  neglected  in  comparison  with  the  other  ions. 
It  follows  that  the  concentration  of  the  remaining  negative  ion  c  is 
equal  to  the  sum  of  the  concentrations  of  the  positive  ions,  viz.,  a-^d. 

All  calculations  made  from  the  conductivities  of  solutions  of 
amphoteric  electrolytes  have  hitherto  proceeded  on  the  assumption 
that  the  same  method  of  treatment  might  be  adopted  as  that  applicable 
to  simple  electrolytes.  This  is,  as  we  see,  far  from  being  the  case,  and 
we  may  now  consider  what  manner  of  results  amphoteric  electrolytes 
with  the  above  constants  would  yield  if  their  conductivities  were 
treated  in  this  erroneous  fashion.  Perhaps  this  is  rendered  most 
clearly  apparent  by  calculating  what  values  the  Ostwald  dissociation 
"  constant "  would  assiune  at  different  dilutions  when  deduced  by  the 
ordinary  process  from  the  conductivities. 

The  molecular  conductivity  ftoo  corresponding  to  H^,  XOH  ~  at  infinite 
dilution  may  be  taken  as  from  350 — 370  at  25"  when  referred  to 
reciprocal  Siemens  units.  The  molecular  conductivity  of  HX"*",  XOH  ~ 
under  the  same  conditions  would  be  60 — 70.  From  every  concentration 
of  HX"*",  then,  we  may  obtain  a  concentration  of  H"^  having  equal 
conducting  power,  by  dividing  d  by  a  number  varying  from  5  to  6 
according  to  the  substance  considered.  If  we  add  this  quotient  to  the 
real  value  of  a  we  obtain  a  false  value  a,  which  is  assumed  as  the  value 
of  a  in  the  simple  calculation  of  the  dilution  constant.  The  subjoined 
table  contains  the  values  of  the  apparent  Ostwald  dilution  constant  /;„ 
for  the  amphoteric  electrolytes  considered  above  when  calculated  in  the 
customary  way  from  the  values  a  =  m  +  djT)  and  a  =  a  +  f//G.  In  each 
case  the  constant  has  l>een  multiplied  by  10''. 

For  A'ft/AT  =  1  it  will  be  observed  that  a  fairly  good  constant  ko  may 
l»e  got,  the  values  for  the  greater  dilutions  approximating  within  the 
limits  of  experimental  error  to  the  true  value  /a.     For  k\i{K  =  10  thi\ 
values  of  h  are  no  longer  even  approxinuJitc\y  eous^XiSVwV^  wwit^^w^ 
rapidly  with  tho  dilution  to  attain  a   valvie  at   r  =  \Wi^  ^\>y^q^0oS5\^ 
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k^  X  10^  ealculatad  from  3L  =  a  ^  <//a  jiud  a  =  Eft  +  ri/6. 


i*/^=>a 


A  +  rf/'&J  a+</'6. 


**«:-L 


^j»/f^ia       Jt«iir-ioo, 


a^<l/f. 


cr  -f  if /6L  d  4-  dj^J  a  +  <^/d.  a  +  df^  a  -I-  <^/6L 


i^^x^im, 

a  +  iJ/S. 

«4^J& 

3'3D 
0  7S 
0  69 

0'S8 
0  6$ 

10  I'O 

100  1  13 

loot*  1  0 

*        1 


I'O 
10 


0-!»44 
0*992 
0  993 


I  '  I 

0i>3i  ,  0'718  ,  0  079     0*780  0-621 

0-901      0-947  I  0-940     0*710  0^71 

0ni98     0-991     0  988     0  936  '  O-yaO 


F 


the  tnifi  value.  For  hlK  =  100  we  have  in  the  ordinary  range  ol 
dilutions  a  fall  to  a  minimum  for  ^v^*  which  is  apparent  when  at.  —  a^  ^/5 
ig  wsedf  and  also  occurs  between  r  =  10  and  r  =  100  when  a  =  a  +  *l/6 
IS  emplojecL  In  this  case  ko  at  r^  1000  is  ahout  7  per  cent,  l^eneaih 
the  true  value  of  Ir^.  Ft  nail  j,  ^tb  ktjK  =  1000  the  value  of  JEv  at  r  ^  10 
greatl}'  exceeds  the  true  value,  and  falls  very  rapiflly  with  the  dilutii^n 
to  reiich  a  miTvimnm  jtt  high  dilutions  which  will  generally  appear  in 
the  usual  range  investigated.  Here  koSit  v  =  1000  is  30 — 35  per  cent, 
short  of  the  true  value. 

For  other  values  of  /„  than  that  used  in  the  above  calculations  the 
change  in  the  value  of  ko  with  the  dilution  is  similar,  because,  as  m<iy  be 
deduced  from  the  formulae  on  pp.  157 — 158,  the  relative  values  of  a  for 
two  electrolytes  with  the  same  kf,  do  not  vary  greatly  with  the  dilution, 
being  at  all  dilutions  approximately  proportional  to  the  square  roots  of 
the  acid  constants  as  long  as  u  does  not  differ  sensibly  from  1  /r. 

Turning  now  to  the  experimental  data,  we  find  that  Ostwald  obtaine<i 
for  ortho-amino-benzoic  acid,  1 : 2-NH2CGH4COOH,  values  of  ko  which 
steadily  increased  with  increasing  dilution,*  confirmation  of  this  result 
being  subsequently  furnished  by  Winkelblech.t  Their  numbers  are 
given  in  the  following  table : — 


r. 

k  (Ostfiald). 

k  (Wiukelblecb) 

64 

0-66  X 

10-^ 

0-65  X  10^ 

128 

0-74 

0-74 

256 

0-84 

0-84 

512 

0-92 

0-91 

1024 

0-96 

0-97 

Ostwald  accounted  for  the  rise  in  the  value  of  the  constant  by 
adopting  a  suggestion  of  Wislicenus,  that  double  molecules  might  be 
formed  according  to  the  scheme  referred  to  on  p.  156,  and  that  the 
breaking  up  of  these  double  molecules  at  increasing  dilutions  into 
amph  ionisable  molecules  would  occasion  a  greater  increase  of  ionisa- 

•  OBtwBld,  *Zeit,  fur  phvtiW.  Chem.,*  ^o\.  ^,p.  ^V  0»»a^ 
t  Wiakelhlecb,  ioe.  eiL,  p.  G64. 


1I)U4.]  Throi'ii  (>f  A,ni>liufa'ir  EUri ,'»l ijlr^.  \\\:\ 

tion  a3  dilution  progressed  thah  that  corresponding  to  Ostwald's 
dilution  law.  This  assumption,  however,  is  unnecessary,  the  theoretical 
discussion  already  given  being  competent  to  explain  the  facts. 

The  increase  in  the  value  of  ko  in  the  range  of  dilution  examined  is 
obviously  of  the  same  order  as  that  calculated  for  k\t\K  =100.  We 
should  therefore  expect  to  obtain  from  hydrolysis  experiments  con- 
ducted with  the  hydrochloride  of  the  amino-acid  a  value  for  the  ratio 
approximating  to  this  number.  Winkelblech  found  from  the  catalysis 
of  methyl  acetate  ki,\K  =  112  in  excellent  accordance  with  the  theory. 
He  also  determined  the  same  ratio  from  the  conductivity  of  solutions 
of  the  hydrochloride  and  obtained  the  divergent  value  164.  The  same 
discrepancy  was  observed  with  most  of  the  other  substances  he 
examined.  If  we  consider,  however,  that  the  catalysis  method 
measures  the  concentration  of  one  ion  only,  viz.,  hydrion,  whilst  the 
conductivity  method  is  concerned  with  a  complex  equilibrium  among 
at  least  five  kinds  of  ions,  we  see  that  the  former  is  likely  to  yield 
the  more  accurate  results.  This  view  receives  confirmation  from 
Winkelblech's  own  data.  For  the  few  substances  with  which  there  is 
agreement  between  the  catalysis  and  conductivity  methods,  it  is  found 
that  the  latter  gives  concordant  values  for  the  ratio  at  all  dilutions. 
Where,  on  the  other  hand,  the  two  methods  do  not  yield  the  samo 
result,  there  are  also  wide  divergences  amongst  the  values  of  the  ratio 
derived  from  the  conductivities  at  different  dilutions.  The  presump- 
tion, therefore,  is  that  the  catalysis  method  is  more  trustworthy  than 
the  other.  It  may  be  noted  in  general  that  the  discrepancy  is  great 
for  monobasic  amphoteric  acids  when  the  acid  constant  is  great. 

Knowing  the  ratio  h/K,  the  value  of  A^,  and  the  speeds  of  the 
various  ions,  it  is  possible  to  calculate  the  molecular  conductivity,  and 
from  this  the  apparent  Ostwald  dilution  constant  k'„.  If  we  take  from 
the  preceding  table  0*96  x  lO"**  as  the  value  of  K  at  v  =  1000,  wc 
obtain  r02  x  10"^  as  the  approximate  value  of  k'a,  since  the  table  on 
p.  162  shows  that  k'a  exceeds  ko  by  6 — 7  per  cent.  With  regard  to 
the  speeds  of  the  ions  we  may  adopt  Winkelblech's  value  /x«  =  357  as 
the  sum  of  the  velocities  of  hydrion  and  the  anion.  There  is  less 
certainty  as  to  the  sum  of  the  velocities  of  kation  and  anion.  Tl:e 
velocities  attributed  by  AVinkelblech  to  the  kation  in  this  and  in 
similar  instances  are,  in  my  opinion,  considerably  overestimated.  For 
the  amino-benzoic  acids  he  does  not  give  directly  the  experiment;il 
data  from  which  he  estimated  the  velocity  of  the  kations,  but 
presumably  the  values  were  obtained  by  the  same  metho<i  as  that 
which  he  adopted  for  other  substances,  viz.,  l)y  measurement  of  the 
conductivity  of  the  hydrochloride  in  presence  of  excess  of  base.* 
Owing  to  the  very  considerable  hydrolysis  of  such  substances  in 
aqueous  solution,  the  results  obtained  for  fx  at  the  expev\m^\\U\l  d\V\x^\vi\\^ 

*  Compare  Bredig,  '  Zeit.  ftir  plivdikal.  CUem.,'  ToX.l^^v.'iVV  VWvWj. 
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miist  be  eoniewhiit  too  high,  aiid  in  eotise<|iieiico  the  speed  of  the  kmm 
i&  estimated  at  too  high  a  figure.  In  order  to  proceed  in  a  systenmtic 
way,  I  have  added  6  in  each  case  to  the  anion  values  found  l»y 
Wiiikelb!ech  for  the  amino-heti^oic  acids,  and  ^wJopted  the  %nres  so 
obtained  m  the  katiori  velocities  in  the  succeeding  eak'u1atioiii&.  The 
T&lne  of  /!«  thus  estimated  is  al>oiit  7  per  cent,  l^elovs^  that  ohtained 
by  adopting  Winkelblech's  vctlocity  for  the  kation.  For  the  ortho^flcii] 
we  have  /i.  ^  32  +  3H  =  70. 

Calculating  with  these  constants,  we  arrive  at  the  values  given  in 
the  following  table : — 

(^Ajmno-bcnzoic  Acid,  1  :  S-NH^^C^H^X'OOH. 
k^K  -  112, 1'a  =  102  X  10  -,  ^*H%XOH-  =  357,  /*«HX%XOH^  =  7^  ^ 


«* 

a. 

d. 

^  cak% 

M  expt. 

k,  c^c. 

^<o). 

iv^WU 

64 

23 -9 1^10  * 

40  1x10-* 

7-26 

7 '21 

6-6 

6*6 

^B 

128 

20  3 

17-0 

10  8 

10-8 

7  4 

7-4 

7*4 

mj 

16  3 

6^7 

IG  1 

16*2 

BZ 

8-4 

8  4 

&12 

12-3 

2-S 

23-3 

23-6 

8-11 

ya 

9-2 

1024 

9^ 

0*88 

as  s 

as -7 

9  5 

9-7 

9-6 

• 

d. 

. 

M 

M              Ico 

A- 

Ic, 

i     «• 

G 

(calc.) 

(0.) 

(W.)     (calc.) 

(O.) 

(W.) 

82 

22  -3  X  10-* 

138  -7  X  10-* 

5-55 

_ 

5  -43       7  -7 



7-4 

64 

20-9 

64-4 

7-66 

7-53 

7-49       7  -2 

7-2 

7  1 

128 

18-7 

28-7 

11  00 

10-86 

11  12       7  7 

7-5 

7-9 

256 

15-8 

12  0 

16-47 

16-34 

16  -84       8  -8  ! 

8-7 

9  1 

512} 

12  b 

4-64 

24-37 

24-24 

26-29       9-8 

9-8 

10-6 

1024 

9  4 

/ 

1-70 

35-40 

35  01 

36-86     10  7 

10  5 

11-7 

The  experimental  values  of  the  molecular  conductivity  /x  are  the 
means  of  the  concordant  series  of  Ostwald  and  AVinkelblech.  It  will 
be  seen  that  the  agreement  between  these  and  the  calculated  values  is 
very  close.  For  comparison  the  "constants"  Z-„xlO**  derived  from 
the  calculated  and  the  experimental  values  of  /x  have  been  added. 

The  conductivities  of  solutions  of  para-amino-benzoic  acid  have  been 
measured  by  the  same  observers,  and  AVinkelblech  determined  the 
ratio  hb'K,  which  he  found  by  the  catalytic  method  to  be  210.  With 
this  constant  the  value  of  /;«  appears  to  be  nearly  10  per  cent.  al)ove  the 
value  of  ko  at  v  =  1000.  Adopting  for  the  latter  the  mean  of  the 
numbers  found  by  Ostwald  and  AVinkelblech,  viz.  I'll  x  10 "'',  we 
obtain  A-a=l-21  x  lO"-''. 

j[>-Amino-benzoic  Acid,  1  :  4-Nn,>.C,;H4.COOH. 
h/K  =  210,  ^•a=  1-21  X  10-^  /x«H+,XOH-  =  356,  /x«HX^,XOH-  =  6>5. 
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The  yalues  of  fi  calculated  from  the  theory  agree  very  well  with 
those  found  by  Ostwald,  somewhat  less  well  with  those  of  Winkelblech. 
The  most  interesting  point  about  the  "  constant ''  ho  is  that  there  is  a 
minimum  in  both  the  calculated  and  experimental  values  at  t;  =  64. 

The  experimental  data  for  metaramino-benzoic  acid  are  not  so 
satisfactory  as  those  for  the  isomeric  acids  just  considered.  Ostwald 
and  Winkelblech  found  widely  divergent  values  of  the  conductivity. 
Since  in  the  following  calculations  use  is  made  of  Winkelblech's 
constants,  the  comparison  of  conductivities  can  only  be  effected  with 
his  numbers.  The  value  of  hjK  found  by  the  hydrolysis  method  is  in 
round  numbers  1100.  This  involves  an  addition  of  over  30  per  cent, 
to  ko9ktv=  1000  in  order  to  arrive  at  an  approximate  value  of  ^a, 
vrhich  in  this  case  comes  to  be  1*4  x  10"^ 


m-Amino-benzoic  Acid,  1  :  3-NH2.C6H4.COOH. 
ilVK  =  1100,  ha  =  l-4x  10-^  /XooH^XOH-=  355,  /XaoHX+,XOH-=  66. 


r. 

a. 

rf. 

Ik  calo. 

m(W.). 

ka  calo. 

*,(W.). 

64 

1 
10-9x10-* 

168  Ox  10-* 

9-36 

9-36 

11  1 

11-2 

128 

10-6 

79-2 

11-51 

11-72 

R-5 

8-8 

256 

'     9-99 

36-2 

15-20 

16-04 

7-5 

8-4 

512 

907 

16-5 

22  06 

23-04 

8-0 

9-1 

1024 

1 

7-73 

6-88 

32-77 

35-24 

9-2 

10-7 

Here  it  will  be  noted  that  the  agreement  is  by  no  means  so  close  as 
in  the  previous  instances.  This  is  probably  connected  with  the  fact 
that  the  meta-acid  rapidly  oxidises  in  contact  with  platinimi  electrodes, 
and  assumes  a  dark  brown  colour.  The  effect  of  this  oxidation  would 
be  most  apparent  in  the  dilute  solutions.  Notwithstanding  the  want 
of  exact  accordance,  the  run  of  the  constants  is  similar,  both  the  values 
calculated  from  the  theory  and  the  values  given  by  Winkelblech 
exhibiting  a  minimum  at  v  =  256. 

These  instances  exhaust  the  data  in  Winkelblech's  paper  for  which 
an  exact  comparison  of  the  theory  with  experiment  is  possible.  They 
cover  a  range  iorh/K  oi  110 — 1100,  and  in  each  case  the  peculiarities 
of  the  "  constants "  are  faithfully  reproduced  by  the  theory.  An 
experimental  investigation  of  some  other  substances  to  which  the 
theory  is  applicable  is  at  present  in  progress,  and  I  hope  in  a  future 
paper  to  communicate  the  results  obtained. 
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'*The  Electromotive  Phenoraeoa  in  Mammalian  Non-medulkteil 
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Waller,  M.D.,  FJiS,  Received  December  15, 1903,— Read 
February  25,  1904 

(From  thi*  Phy Biologic*!  Laboratory  of  the  UaireT»itj  of  London.) 

Up  to  the  pr^ent  time  there  would  appear  to  have  been  no  piiblt^bed 
researches  on  isolated  mammalian  non-medullated  Tienre,  and  indeed^ 
except  for  the  paper  of  Brodie  and  Halliburton^*  all  our  knowledge  of 
these  nerves  h^is  been  either  by  inference  from  simiiar  nerves  in  cold- 
blooded aidmals  or  derived  incidentally  from  experiments  undertaken 
for  a  different  object. 

When  it  appeared,  therefore,  that  the  technique  for  mammalian 
meduUated  nerve  sei^^ed  ecjiiall^^  well  for  the  non-medullat^,t  it 
became  a  matter  of  interest  to  examine  the  phenomena  displayed  by 
the  latter,  and  the  very  evident  advantagee  of  dealing  with  nerves  of 
considerable  size  and  comparative  longevity,  and  the  possession  of  a 
ready  standard  of  comparison  in  the  medullated  nerves  of  the  same 
animal,  greatly  assisted  in  obtaining  an  exact  result. 

Methods, 

The  splenic  nerves  were  found  to  be  very  suitable  objects  for  this 
purpose.  They  consist  almost  entirely  of  non-medullated  fibres, J 
and  in  the  horse,  which  is  the  animal  which  has  been  used  for 
these  experiments,  the  various  bundles  form  a  plexus  around  the 
splenic  artery,  which  can  be  separated  by  careful  dissection  into  it« 
component  parts,  giving  isolated  pieces  of  nerve  1 — 1*5  mm.  in 
diameter  and  from  6 — 8  cm.  in  length.  These  pieces  will  commonly 
retain  their  irritability  for  several  hours  if  kept  in  1  •  05  per  cent,  salt 
solution  at  18"  C,  into  which  they  are  placed  from  a  quarter  to  half 
an  hour  after  the  death  of  the  animal.  Waller'sg  galvanographic 
method  was  employed  as  well  as  the  capillary  electrometer.  || 

In  the  experiments  on  the  negative  variation,  the  exciting  current 
was  derived  from  an  accumulator  of  large  capacity^  in  order  to  secure 
the  greatest  possible  constancy,  and  the  excitation  was  maximal,  except 
in  Experiment  716.     The  temperature  at  which  the  experiments  were 

♦  Brodie  and  Halliburton,  *  Joum.  of  Physiol.,*  vol.  28,  p.  181. 
t  •  Roy.  Soc.  Proc.,'  February,  1902,  p.  264. 

J  The  proportion  of  non-medullated   to  medullated   fibres  Taries  in  different 
animals;  sections  made  from  the  nerres  actually  used  showed  that  medullated 
Ii'bres  formed  less  than  0*5  per  cent,  oi  the  total  number, 
i  Waller,  **  Signs  of  Life,"  1903. 
//  The  analysia  of  the  electrometer  recordft  ^VW  \>e  ooTi«v^«e^  ^X.  ^  i\ifcv«^  Mvsaft. 
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conducted  was  17-^19**  C,  except  where  otherwise  stated.  The  current 
of  injury  was  balanced  against  an  equal  fraction  of  a  volt,  and  the 
value  read  off.  This  compensation  was  maintained  throughout  the 
experiment.  No  current,  therefore,  flowed  through  the  nerve  when  at. 
rest. 

The  experiments  were  ordinarily  carried  out  in  duplicate,  with  both  ; 
medullated  and  non-medullated  nerves  from  the  same  animal.  ^^ 

The  electromotive  phenomena  are  considered  in  the  present  paper 
under  two  heads : — 

1.  Negative  variation.  \ 

2.  Electrotonic  currents. 

I 

1.  Negative  Variation* 

{Experimenis.) 

1 
The  electromotive  phenomena  in  the  nerves  of  the  horse  resemble ! 
those  in  the  nerves  of  other  mammalia  in  kind,  but  differ  in  degree, 
being  of  considerably  less  magnitude.*  This  is  due,  in  part,  to  the 
large  amount  of  connective  tissue  surrounding  the  nerves,  and  forming 
a  derivation  circuit.  When  this  connective  tissue  is  dissected  off,  the 
effect  on  the  galvanometer  is  increased.  Three  experiments  may  be 
quoted  on  this  point : — 

Table  I. 


BxporimoDt. 

Nerve. 

Current  of 
injurj. 

Negative 
variation. 

Notes. 

720  (A){f;;; 

7*'{t:::::: 

Median 
Splenic 

milliTolta. 
2-7 
4  1 

8-2 
8-5 

9-7 
11-3 

millivolts. 
0  172 
0-809 

0-242 
0-359 

0-504 
1-910 

Whole  nerre. 
Single  nerve-bundle. 

The  nerve  was  isolated  in  the  usual  way  and  the  measurements  made 
that  are  marked  a,  the  connective  tissue  was  then  dissected  off  as  far  as 
possible,  and  the  measurements  h  taken.  Both  injury  current  and 
negative  variation  are  increased,  the  latter  more  than  the  former.  But 
it  will  be  noticed  that  even  in  the  most  favourable  case  the  voltage  of 
the  negative  variation  is  less  in  the  medullated  nerves  of  the  horse 

*  This  has  already  been  observed  in  the  case  of  the  current  of  injury,  see  Gotch, 
'Sch&fer's  Text-book/  vol  2,  p.  520,  and  Biedermann,  'E\eteo^\x^%\o\o^"fc;  \^^^^ 

D.  ess. 
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than  is  usual  in  the  mammalia.  It  is  not  cert^^iu  how  far  this  is  due  to 
the  greater  amount  of  connective  tissue  proaent  between  the  indlWdual 
nerve-fibres,  or  to  some  other  cause. 

Both  current  of  injury  and  negative  variation  are  coninderablj^ 
greater  in  the  non^medullated  nerves  of  the  horse  than  in  the 
moduli ated.  The  following  table  gi\^s  the  result  of  several 
obaervations : — 

Table  H. 


1       Kerre. 

Correat  of  injurj.* 

No.  of 

Heg«tirr  ^ 

rmriwtioo.* 

No. 

of  OIpOTi* 

Meui. 

HftL 

Um%. 

5-81 

5-a 

15-6    i 

G 

la 

0-380 

0'B3 
3*8 

4 
U 

These  are  the  values  obtained  with  the  galvanometer.  They  are 
probably  too  low,  and  for  several  reasons  it  is  likely  that  the  maximiun 
values  are  more  nearly  correct  than  the  mean.  They  are,  however, 
strictly  comparative,  and  it  is  seen  the  voltages  in  the  splenic  nerves 
are  approximately  three  times  the  median,  a  result  agreeing  with  the 
observations  on  cold-blooded  animals,  t     The  non-medullated  nerves  of 


Pl«.  1  (Exp.  714,  v.). — Splenic  of  Horse.  The  rertical  lines  are  the  suoceseire 
negfttiTe  TUiAtionB  produced  bj  tetanising  currents  (5000  Berne  units,  2  Tolta 
in  primary  circuit)  for  13  seconds,  repeated  once  a  minute. 


'  Mere  and  eUewhere  in  milliTolts. 
/  Kubne  u.  Steiner,  *  Unters.  d.  Physiol.  Ina(t.  d.  T3mT.  "H.e\d^VbcT%,'  rol.  3, 
p.  149;  Sowton,  'Roy.  Soc.  Proc.,'  toI.  66,  p.  a7^. 
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•0005 

volt. 


Fie.  2  (Bxp.  717,  Y.).— Median  of  same  animal  as  Fig.  1.    All  details  as  before. 


the  hone  commonly  retain  their  excitability  for  8 — 10  hours  past^ 
martemj  the  medullated  for  about  half  this  time. 

I  have  been  unable  so  far  to  trace  any  quantitative  relation  between 
the  current  of  injury  and  the  negative  variation  as  determined  above. 

Obtaining  a  non-medullated  nerve,  subjecting  it  to  a  series  of 
repeated  tetanisations,  and  recording  the  successive  negative  variations 
by  the  galvanographic  method,  it  appears  at  once  that  the  results  are 
very  different  from  the  corresponding  phenomena  in  medullated  nerve. 
Figs.  1  and  2  are  records  from  two  nerves,  the  one  splenic  and  the 
other  median,  from  the  same  animal  under  identical  conditions.  The 
successive  negative  variations  from  the  latter  are  approximately  equal, 
those  from  the  former  fall  off  very  rapidly,  and  this  rapid  decrease  in 
the  negative  variation  is  characteristic  of  mammalian  non-medullated 
nerve.     The  following  experiments  were  made : — 
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1 

Table  in,— Spl 

enic  Nerves. 

* 

Keg*  rar. 

Neg.  T»r, 

Dnmtion 

of 

Diminu- 

Sj^ptiiisMit, 1 

a  a. 

-  *. 

tion 

Not«t. 

luituL 

Final. 

m^Qt. 

*;-.. 

millivolt*. 

millirolttf^ 

mim. 

702.  Hor«e     I  O'dS 

0  33 

U 

0*36 

Exe,    ksfcuig    10 

Beccmd«,  ODC«  t 

Diinuta,               ' 

704.       ,         I 

0-a76  (Ist) 
0  397  {2nd) 

1   0*219 

26 

0-682 

Same  nerro  H 
Exp.  702. 

706,     ,,     ri 

Q  491  (iBt) 
0  -576  (2iid) 

I   0*109 

2a 

0-2Z2 

707,     „    I  a 

0  317 

0*131 

9B 

0-413 

709.      ,,     III 

0-500 

0-396 

30 

0*710 

712.      „      IT 

0  788  Cl«l) 

1 

0-847  (Slid)   (      ^^ 

0-792  (4th)  J      ^^^' 

1 

23 

0*^3 

Same  nerve  oa  ui 
Eip.  710  below, 
"  itairctt«e/* 

719-      „     IT 

0  859                  0*392 

29 

i 
0  -466    Same     nerre     u 
Exp,  710. 

716.      „       T 

0*593/1*11)  ^ 
0*720  {2nc{)  i    ^.g,. 
0^3  (3rd}    f  0  216 
0-607t4tb)  , 

1 

50 

0*362 

9uh maximal  eicU 
tation,500umt«. 
*'  staircsAe/' 

Me»ix  of  eight 

0*617 

o*ao7 

27 

D-498 

1 

The  following  experiments  were  made  under   identical  conditions 
with  medullated  and  non-medullated  nerves  from  the  same  animal : — 
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Theee  tables  show  very  clearly  the  alteration  in  the  negative  viuift- 
tion  by  successive  excitationi.  The  decrease  is  most  rapid  at  first, 
and  after  a  little  proceed©  quite  slowly,  e^peciaUy  if  the  excitati^tti 
ie  atib-maximai,  bo  that  if  the  result  of  the  first  few  minutes  is  dit- 
carded,  there  remains  a  considerable  period  during  which  the  dimino^ 
tion  ia  small,  and  which  can  be  used  to  test  any  deaired  prcK^edure 
(t^idt  ^^,  1  and  6),  The  effect  of  rest  is  that  the  subsequent  responses  are 
greater  for  a  time,  but  aeon  fall  off  (fig.  1),  and  the  difference  in  this 
respect  from  the  meduUated  nerves  is  very  marked  (fig,  2) ;  in  the 
latter  the  subsequent  negative  vaiiations  are  almost  invariably  less 
after  a  pause. 

This  difference  ie  very  clearly  seen  in  the  electrometer  photographs 
(Experiment  750,  B,  fig.  3,  splenic  of  horse,  and  Experimeut  751,  %.  4^ 


001  volt. 


i 


Fig.  3  (Exp.  750,  B,).— Non-medullat-ed  Nerve,  Splenic  of  Hone.     Excitation  for 
10  seconds  (Tet.),  interral  20  seconds,  as  shown  by  the  lower  interrupts  line. 

Time—  1  mm.  =  2  seconds. 
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J^'JO.  4  (Exp.  75i;.— Medullated  Nerre,  XJlnar  of  Cat.    T>«\a.\\%  ^a'wi^K^.'V 
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?ie.  6  (Bxpi.  760  B  md  761). — Beiponse  of  Non-medullated  Nerve  (upper)  and 
MedoUated  (lower)  to  Single  Shocks.    Same  nerves  as  figs.  3  and  4. 

ulnar  of  cat).  The  full  analysis  of  these  will  be  considered  in  a  subse- 
quent paper,  but  these  figures  show  {inter  alia)  that  the  electrical 
resistance  plays  an  unimportant  part  in  the  production  of  the 
phenomena  observed,  and  that  the  rate  of  transmission  of  the  electrical 
effect  is  very  much  less  in  the  non-medullated  nerves. 

As,  therefore,  the  progressive  diminution  in  the  negative  variation  is- 
characteristic  of  non-medullated  nerve,  both  here  and  in  cold-blooded 
animals,*  further  experiments  were  undertaken  to  ascertain  whether 
this  was  due  to  events  occurring  along  the  whole  length  of  the  nerve,, 
or  to  changes  localised  at  the  place  of  excitation.  Two  pairs  of 
platinum  wire  electrodes  were  used  for  stimulation,  placed  respectively 
further  and  nearer  the  leading-off  electrodes ;  the  nerve  was  excited 
first  at  the  ''  far  "  pair  and  then  at  the  *'  near." 

In  Experiment  718  (fig.  6)  the  result  of  exciting  through  the  near 
pair  of  electrodes  was  to  increase  the  negative  variation  to  very  nearly 
the  original  amount  (a).  After  12  minutes  of  excitation  at  this  point 
the  current  was  again  sent  through  the  "far"  electrodes,  and  the 
resnltive  negative  variation  (c)  was  much  less  than  the  original  value. 
If  the  nerve  had  been  simply  resting,  instead  of  being  excited  at  a 
proximal  place,  the  negative  variation  would  have  been  increased 
(see  fig.  1) ;  the  effect^  therefore^  of  passing  a  recently  excited  spot  is 
diminidum. 

In  Experiment  719  the  excitation  was    t\iT0\3Lg)i  \\ii^  ^wvx^  ^\ 

•  Sowtoo,  loc,  cit. 
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Table  V, 

F.r. 

ir«r. 

1 

i 

BtperiiDexit.         Ke^tiT«  TariatioD, 

Tunc. 

N«g&tire  i:ir. 

Kolt 
(teebel 

Time.; 

^ 

InitdaL 

Finml. 

1 

Iiun»L    FinftL 

1    t)839(BTifJ) 

lo  419 

29 

*0-800 

0-391 

12  r 

Fif.  6 
a  -far. 

r  0-166 

0^20 

6 

^ 

6  ^  i*e»- 

71A       „ 

Y\     <iO'lll{lrt) 
0  ^144  (2nd) 

Voil09 

24 

*  0-400 
<j  0-322 

oass 

0^2 

j    C    -^   f  ftp  ftj 

a  ^  let  p 
i  =  &id  1 

c*0*0&2 

0-115 

3  L  1  c  =  3rd  i 

^•=  3fd| 

m.     „ 

vn  i«i« 

0  372 
(0-486) 

fi2 
(17) 

*1'22 

0^64 

'  'V 

OoDtrolw: 

720,  B.,, 

TU   IffO-SOS 

0-2^ 

22 

A  0-355 

0-378 

30^ 

«  =  fai-. 

eO'263 

0  281 

5 

L 

h  -  ne*.r. 

1?  *-  far  «{ 

Fig.  6. — Splenic  of  Horee.    Negative  Yariations.     Result  of  exciting  at  (1)  fi 
(2)  near,  and  (3)  far  electrodes. 

electrodes,    and    then    the   excitation  vras  Tft\eT%^^\    \\v^  literati 
produced  by  reversal  was  very  smaW. 
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Experiments  721  and  720  were  mth  non-medullated  and  medullated 
nerves  under  the  same  conditions. 

Considering  the  result  of  all  these  experiments,  it  is  clear  that  the 
diminution  of  the  negative  variation  in  non-medullated  nerves  is 
due  to  changes  occurring  at  the  point  where  the  nerve  is  excited. 
Using  a  constant  stimulus  this  spot  becomes  less  and  less  excitable,  in 
the  sense  that  the  response  becomes  progressively  smaller.  The 
control  experiments  on  medullated  nerve  show  but  slight  traces  of 
this  effect/  either  the  medullary  sheath  prevents  this  loss  of  excita- 
bility in  some  way,  or  the  two  classes  of  nerves  differ  very  widely  in 
their  reaction  to  stimuli.  Speaking  broadly,  the  evidence  is  in  favour 
of  the  former  hypothesis. 

While  the  work  of  Sowtont  and  GartenJ  on  cold-blooded  nerves 
is  in  accord  with  my  results  on  mammalian  nerve,  the  paper  of  Brodie 
and  Halliburton  at  first  sight  offers  a  contradiction.  These  experi- 
menters excited  the  splenic  nerves  in  the  dog  for  many  hours,  and 
blocking  the  impulse  by  cold,  observed  that  when  the  block  was 
removed  the  splenic  contractions  followed  as  at  first,  apparently  un- 
altered in  amount.  I  have  no  doubt  as  to  the  correctness  of  their 
observations,  and    the  results  they  obtained,   differing  from  those 


Fig.  7. — Splenic  of  Hoi»iO.    Effect  of  Ether  Vapour. 

•  Dr.  Waller  has  very  kindlj  permitted  me  to  measure  a  considerable  number  of 
his  photographic  records  of  frog's  nerre,  of  1896 — 1897 ;  in  all  a  small  regular 
diminution  is  detectable,  amounting  to  from  2*0  to  5*6  per  cent.,  in  experiments 
lasting  40  minute*. 

/  SowtoB,  loc.  et^. 
X  Oarten. 
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re€oriled  above,  may  poBsibly  be  explained  by  supposing  that  the 
splenic  contractions  are  not  as  delicate  an  index  of  the  condition  irf 
the  splenic  nerves  as  the  galvanometric  response.  Waller*  has  shown 
that  with  a  gradually  increasing  stimulus  the  voltage  of  the  negative 
variation  reaches  its  maximum  much  later  than  the  contraction  of  the 
attached  muscle,  and  as  in  all  the  ejcperiments  here  recorded  a  certain 
amount  of  the  negative  variation  still  persisted,  it  m  possible  that  even 
this  fraction— perhaps  one^thirtl  of  the  initial  value — indicated  a 
sufficient  intensity  of  nerve  impulse  to  gi%^e  a  maximal  splenic 
contraction, 

11  the  medullary  sheath  has  any  such  action  as  the  hypothecs 
suggested  above  necessitates^  the  inquiry  may  be  extended  to  see  if 
any  light  can  be  thrown  on  the  manner  in  which  this  sheath  acts. 
The  following  expenmcnts  on  electrotouic  currents  were,  therefore, 
undertaken. 

2.   ELECTROTONiC   CURRENTS, 

The  nerve  rested  upon  two  pairs  of  non-poiansable  electrodes. 
The  distal  pair  led  off  to  the  galvanometer ;  the  proximal  were  con- 
nected with  the  automatic  revefser,  used  by  Dr.  Waller  in  1897,  which 
delivered  in  order — 

(1)  A  ciurent  in  the  proximal  direction  (giving  anelectrotonie 
currents  in  the  nerve). 

(2)  Excitation  by  means  of  an  induction  coil. 

(3)  A  current  in  the  distal  direction  (katelectrotonic  currents). 

(4)  Excitation  as  No.  2. 

The  result  is  seen  in  the  photographic  plate  as  a  cycle  consisting 
of  one  upward  mark,  anelectrotonus,  and  three  downward,  the  middle 
one  katelectrotonus,  the  two  side  negative  variations. 


Experiments. 

The   following  pair   of    experiments   was    made    imder    identical 
conditions  : — 

Table  VI. 


Experiment.       Nerve. 


Anelectro.    jjeg.  var.  I  Katelectro.   t„. 
*^"^*  mean.      '      mean.      ■  ^^  ^^^• 


728  Vni  ,.      Median  0-702 

(branch  of) 

Z^A  VIII      Splenic 


0*366 
0*540 


0*595 
0 


•  Waller,  *  Brain,'  vol.  18,  !«&?>,  v  *^^* 


0*20 
0-80 


Notes. 


Fig.  8 
Fig.  9 
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Median. 


Fio.  8.— Exp.  728,  VIII.  Aneleotrotonio 
and  Kftteleotrotonio  Currents,  and  Nega- 
tiye  Yariation  on  Medullated  Nerve. 


K-0 

Fio.  9.— Exp.  729,  A,  VIII.  The  same 
on  Non.medullated  Nerre.  An.  and 
kat.  are  too  small  to  be  legible,  and 
the  negative  variation  only  is  seen. 


The  voltage  of  the  polarising  current  was  |  volt,  the  excitation 
3000  units  of  the  Berne  coil,  the  distance  between  the  centre  of  each 
electrode  and  the  next  was  1 1  mm. 

In  the  medullated  nerve  the  electrotonic  currents  exceeded  the 
negative  variation ;  in  the  non-medullated  they  were  so  small  as  to  be 
imperceptible  on  the  photographic  plate.  In  order  to  see  whether 
the  electrotonic  currents,  were  completely  absent,  or  merely  very 
small,  further  experiments  were  then  made,  using  a  higher  voltage  in 
the  polarising  circuit. 

These  measurements  are  imcertain,  both  from  the  difficulty  of 
measuring  such  very  small  currents,  and  from  the  fact  that  the  cessation 
of  anelectrotonus  and  the  commencement  of  Icatelectrotonus  excite  the 
nerve,  and  the  resulting  negative  variation  in  the  latter  case  is  added 
to  the  katelectrotonic  current,  so  that  except  in  special  cases  (as  in 
Experiment  731)  the  readings  of  the  latter  are  too  high.  It  is  also 
not  absolutely  certain  that  current  escape  has  not  some  share  in  the 
result,  though  as  all  these  effects  are  abolished  by  crushing  the  nerve, 
and  as  the  an-  and  katelectrotonic  currents  are  not  equal  in  magnitude, 
and  not  exactly  proportional  to  the  polarising  current,  it  is  probable 
that  this  error,  if  it  exists,  is  a  small  one. 

Bearing  these  reservations  in   mind,    certain   conclusions   may   be 
drawn  from  these  experiments.      The   electrotonic   currents  in   the 
non-medullated  nerves  are  evidently  very  small,  about  one-fortieth  ol 
the  same  currents  in  medullated  nerves.    FurtlieT,  w\i\^  \Iti^  ^w-  \s.\A 
katelectrotonic  cwrenta  in  the  latter  are  nearly  ©qyia\  ^Ji*!^^  tcMCys^V* 
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Fig.  lO.—Exp.  780,  Ylll. 


NY 
NY 

A.  and  K.  Cnrrents  only,  with  Increasing  Strengths 
of  Polarising  Currenta. 


in  A  and  0  *  595  millivolt  in  K  in  Experiment  728),  in  the  splenic  nerves 
the  anelectrotonic  currents  are  perhaps  four  times  greater  than  the 
katelectrotonic.  This  favours  the  view  that  these  currents  are  not  due 
to  the  presence  of  a  small  percentage  of  medullated  fibres  in  these 
nerves,  but  are  the  actual  expression  of  the  fine  sheaths  present  around 
the  axis-cylinder.* 

The  result,  therefore,  of  this  series  of  experiments  affords  a  very 
probable  explanation  of  the  diminution  of  the  negative  variation  with 
successive  excitations  in  the  non-medullated  nerve,  and  the  relative 
absence  of  this  diminution  in  the  medullated.  For  in  the  latter  the 
exciting  current  can  diffuse  up  and  down  the  nerve,  in  the  former  it  is 
strictly  limited  to  the  spot  where  it  is  applied,  and  the  current  density 
at  the  excitable  axis-cylinder  must  be  many  times  greater  in  the  non- 
medullated  nerve.  It  is  not  surprising,  therefore,  that  there  should  be 
a  marked  local  effect,  and  whether  this  is  termed  "injury"  or  "fatigue  " 
is  rather  a  question  of  terminology  than  of  fact. 

*  Dr.  W.  M.  Fletcher  has  recently  examined  the  sheaths  of  medullated  and 
non-medollated  fibres  between  crossed  nicols.  He  finds  that  in  the  former  there 
is  oharaoteristioaUy  present  an  anisotropic  cholesterin  deposit ;  in  the  latter  this  is 
absent.  The  sheath  round  the  non-medullated  axis-oyliuder  is  therefore  of  a 
totaUy  different  character  to  that  in  the  medullated  fibre.  (Note  cc(xnTKi\]CQ\Q»X^\A 
the  writer.^    Bee  aleo  autbon  quoted  by  Brodie  and  HallibuTioii,  loc.  c\t. 
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As  the  electrotoiuc  curreats  are  so  gm^ll,  it  was  doI  to  be  expected 
that  there  should  be  aiif  marked  alteration  of  excitability  in  tlie 
neighbourhood  of  the  kathode  or  anode  of  a  constant  current. 
Three  experiments  were,  bawerer,  made  to  serve  as  a  check  on  the 
precefling : — 

Table  VHI, 


Experiment. 

(me&n). 
IcitiAl. 

Nog.  ¥»r. 

during 
aaeloo. 

N0t«i. 

743,  X.  Folanaiag cur- 
rent =  0-5  Toh. 

ExciUtion  =  1000. 

744,  X.  Pubuiiing  0ur* 
rent »  8  Toltfl. 

745 1  X,  Polarising  cur- 
rent  *=  2  Tolti. 

0  402 
0-&71 

0*468        0452 
0  45»         0  444 

0  '9ai       0  -oae 

0-460 
0-484 

1 

3aiiie  nerrtt 
At  743. 

The  exciting  electrodes  were  at  a  distance  of  3  mm.  from  the 
polarising,  and  on  their  distal  side.  From  an  inspection  of  the  figures 
it  is  clear  that  even  taking  the  most  favourable  case  of  the  last 
experiment  the  effect  is  a  minimal  one. 

I  have  much  pleasure  in  acknowledging  the  kind  assistance  and 
advice  I  have  received  from  Dr.  Waller  in  the  prosecution  of  this 
research,  and  also  in  expressing  my  indebtedness  to  the  Council  of  the 
Zoological  Society  and  Dr.  Chalmers  Mitchell  for  permission  to  use 
the  nerves  of  the  horses  which  had  been  slaughtered  for  the  camivora. 


Conclusions, 

1.  Non-medullated  nerves  Exhibit  a  negative  variation  and  current 
of  injury  of  about  three  times  the  magnitude  of  the  similar  phenomena 
in  the  medullated  nerves  of  the  same  animal. 

2.  The  negative  variation  of  non-medullated  nerves  imdergoes  a 
progressive  diminution  with  repeated  stimuli. 

3.  The  immediate  cause  of  this  diminution  is  a  localised  change  at 
the  place  of  excitation. 

4.  The  electrotonic  currents  of  non-medullated  nerves  are  very  small, 
about  one-fortieth  of  those  in  medullated  nerves. 

5.  This  latter  fact  affords  an  explanation  of  2  and  3,  as  the  exciting 
current,  being  confined  to  the  place  of  application,  has  a  greater  current 

density  and  therefore  a  greater  local  effect. 


On  the  Formation  of  Solids  at  Low  Temperatures.         181 


"'  Note  on  the  Formation  of  Solids  at  Low  Temperatures,  particu- 
larly with  Regard  to  Solid  Hydrogen."  By  Morris  W. 
Travers,  D.Sc,  Professor  of  Chemistry  at  University  College, 
Bristol.  Communicated  by  Sir  W.  Ramsay,  K.C.B.,  F.R.S. 
Received  February  4, — Read  February  18th,  1904. 

In  the  year  1902  Dr.  Jaquerod  and  I  carried  out  some  experiments 
t>n  liquid  and  solid  hydrogen  with  a  view  to  determining  its  vapour 
pressure  on  the  scales  of  the  constant- volume  helium  and  hydrogen 
thermometers.  We  found  that  hydrogen  remained  liquid  down  to 
14' '2  (He  scale),  the  lowest  temperature  to  which  we  could  reduce  a 
large  mass  of  the  liquid  by  means  of  the  pump  at  our  disposal.  When, 
however,  a  small  quantity  of  liquid  hydrogen,  cooled  to  14' -2  in  a 
glass  tube  immersed  in  the  liquid  contained  in  the  large  vacuum  vessel, 
was  allowed  to  evaporate  under  reduced  pressure,  it  solidified  when 
the  pressure  fell  to  49  or  50  mm.  of  mercury.  This  pressure 
corresponds  to  a  temperature  of  14***1  on  the  helium  scale.  The 
presence  of  the  solid  was  determined  by  mechanical  means,  and  it  was 
not  possible  to  observe  its  appearance.* 

Dewar  gives  the  melting  point  of  hydrogen  at  about  15'  absolute, 
and  the  melting  pressure  at  55  mm.  of  mercury.  He  describes  its 
appearance  as  that  of  "  frozen  foam,"  or  as  "  clear  transparent  ice."t 

It  appeared  to  me  worth  while  to  carry  out  a  few  experiments  to 
try  to  determine  whether  solid  hydrogen  formed  definite  crystal,  or 
indeed  whether  the  glassy  substance  was  a  true  solid  or  merely  a 
highly  viscous  fluid.  My  meaning  will  become  clearer  if  I  give  an 
instance  in  which  both  such  changes  occur. 

If  an  organic  liquid,  such  as  ethyl  aceto-acetatc,  is  cooled  slowly  to  the 
temperature  of  liquid  air,  it  is  converted  into  crystalline  solid,  the 
formation  of  the  crystals  commencing  when  the  liquid  is  cooled  to 
about  -  150'  C,  usually  at  several  points  on  the  side  of  the  vessel,  and 
spreading  rapidly  throughout  the  mass.  If,  on  the  other  hand,  the 
liquid  is  cooled  very  rapidly,  a  hard  glassy  substance  is  formed,  and 
though  crystals  may  begin  to  appear,  they  will  only  do  so  locally,  as 
the  velocity  of  crystallisation  decreases  rapidly  as  the  viscosity  of  the 
liquid  increases.  The  glassy  substance  is  really  a  liquid  of  high 
viscosity  ;  it  is  formed  with  perfect  continuity  from  the  normal  liquid 
state,  and  should  differ  from  the  solid  (crystalline)  form  in  its  physical 
properties.  Such  a  substance  might,  for  convenience,  be  called  a 
pseudo-solid. 

•  *  Phil.  Trans./  A,  toI.  200,  p.  170. 

t  British  Association,  Presidential  Addresp,  1902.     See  a\ao  '^o.^^t  ow^^^OCv\ 
HjdrogeD/"Bne.  Abscc.  Report,*  1899,  reprinted  iu  ^ISa^.Mre' •,  «\^q  *  ^^^  .AjvsX. 
rroc./1900. 
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In  investigating  solid  hydrogen  the  npparatnfi  ibown  in  the  j^ccom- 

panjing  figure  was  employed.     The  liquid  hydrogon  w^a  introduced 

into   a  small  clear-glass  vacinim- vessel    15   era.   long  and   i  em.  iti 

internal  diameter.     Tbis  ve^el  was  placed  inside  a  glaaa  ttiW  BH, 

which    eommunieated    with    an    exh&ust    pump 

through  a  tul^e  DD  sealed  to  it,  and  was  closed  br 

a  rubber  stopper  C.     A  short  glass  tuVie  E^  6  mm. 

in   diameter,   passed    through    the   stopper,   and 

through  it  passed  the  stirring  rod  FF*   To  allow  of 

free  rotating  motion  to  the  gtirrcr,  and  to  malce  %ht 

apparatus  gas- tight*  a  ihort  piece  of  rubber  tulie 

G,  was  passed  over  the  end  of  the  tuf»e  K  said  waji 

wired  to  F.     The  lower  part  of  the  apparatus  wii 

contained   within    the  vacuum   vessel   H,   whieb 

contained  a  small  quantity  of  liquid  air. 

When  the  liquid  hydrogen  was  made  to  boil  w 
nirm,  its  temperature  fell,  but  the  liquid  tUd  not 
appear  to  become  more  viaeoiis.  At  length  filim 
of  a  colotU'lea^  gl^^^y  substance  formed  at  the 
surfaee,  and  broke  away  aj3  the  bubMeri  rose.  After 
a  short  time  the  vessel  Ijec^me  filled  with  these 
flakes,  and  while  in  this  condition  stirring,  bv 
giWng  the  top  of  the  rod  F  a  roUitory  motion,  di<l 
not  appear  to  indicate  that  the  portion  whicb 
remained  liquid  had  undergone  any  considerahle 
increase  in  viscosity.  After  a  time  the  mass  con- 
tained so  much  solid  that  it  bcciime  pasty ^  and 
finally  the  whole  of  it  appeared  fairly  hotno- 
geneoiu!. 

The  solid  evaporated  fairly  rapidly,  so  that  after 
altout  10  minutes  only  a  hollow  cylinder  of  it, 
about  3  cm.  long  and  2*5  cm,  in  diameter,  re- 
mained. This  had  the  appearance  of  a  film  of  ice 
which  had  partly  thawed,  consisting  of  clear  granules  connected  by 
thinner  and  less  transparent  portions  of  solid.  No  crystals  were 
observed  on  either  of  the  three  occasions  on  which  the  experiments 
was  carried  out.  An  attempt  was  made  to  examine  the  solid  in  the 
field  of  a  polariscope,  but  it  was  unsuccessful. 

Though  there  is  no  direct  evidence  of  the  formation  of  crystalline 

hydrogen,  my  experiments  lead  me  to  the  belief  that  solid  hydrogen  is 

a  crystalline  substance  and  not  a  pseudo-solid.     The  sharpness  with 

which  the  solid  hydrogen  is  formed,  and  the  constancy  of  the  apparent 

melting  pressure^  are  distinct  evidence  in  favour  of  this  conclusion, 

though  it  must  he  allowed  that  the  rate  ol  e\iaw^<b  \t\  x\%coaity,  when 

the  temperatures  are  measured  on  the  Cei\\Agra^<b  «,(ia)v^,  V0\  ^x^5^«i«^^ 
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appear  to  be  more  rapid  at  low  temperatures  than  at  high  tempera- 
tures. ^ 

The  whole  question  of  the  formation  of  solids  at  very  low.  tempera- 
tures is  of  great  interest  both  from  a  physical  and  from  a  biolo^cal 
standpoint.  It  is  quite  possible  that  if  living  organisms  were  cooled 
only  to  temperatures  at  which  physical  changes  such  as  crystallisation 
take  place  with  measurable  velocity,  the  process  would  b^  ^^^f 
whereas  if  they  once  were  cooled  to  the  temperature  of  liquid  air^  no 
such  change  could  take  place  within  finite  time,  and  the  organism 
would  survive.*^ 

These  experimtots  were  made  in  connection  with  some  investigajbions 
which  were  being  carried  out  at  University  College,  London,  with  the 
assistance  of  a  grant  from  the  Boyal  Society.  As  I  am  at  the  moment 
unable  to  continue  the  work,  I  have  decided  to  publish  this  note. 


"  A  Contribution  to  the  Study  of  the  Action  of  Indian  Cobra  Poison/'f 
By  Captain  R  H.  Elliot,  M.B.,  B.S.  Lond.,  F.RC.S.  Eng., 
D.P.H.  Camb.,  etc.,  of  the  Indian  Medical  Service  (Madras). 
On  special  duty  for  Snake  Venom  Research  under  the  orders 
of  the  Secretary  of  State  for  India.  Communicated  by 
Professor  Sir  Thomas  E.  Eraser,  F.RS.  Received  January  18, 
—Read  February  25.  1904. 

(Abstract.) 

Previmis  JFork  on  the  Sithjed, 

Brunton  and  Fayrer  J  discussed  the  pharmacology  of  Cobra  venom  at 
some  length ;  they  attributed  the  effects  of  the  poison  to  its  action  on 
the  cerebro-spinal  nerve-centres,  especially  on  the  respiratory  centre. 
They  observed  that  Cobra  venom  had  a  direct  action  on  cardiac  muscle, 
and  that  it  also  affected  the  heart  through  the  vagal  system,  biit  they 
did  not  lay  much  stress  on  circulatory  failure.  They  surmised  that 
the  high  and  maintained  blood  pressure  of  a  cobraised  animal  was  due 
to  arteriolar  constriction,  but  did  not  attempt  to  explain  how  this  waJs 
brought  about.  Amongst  the  many  other  points  of  interest  they  took 
up,  was  the  influence  of  artificial  respiration  in  cobraism. 

•  Experimental  results  are  given  bj  Macfadjen,  *  Roy.  Soc.  Proc.,*  vol.  66, 
1900,  pp.  180,  339,  488;  Swithinbank,  'Roy.  Soc.  Proc.,'  vol.  68,  1901,  p.  502. 

t  Owing  to  the  kindness  of  Professor  Sir  Thomas  Fraser  and  of  Professor  E.  A . 
Schafer,  the  writer  was  enabled  to  carry  out  this  research  in  the  Pharmacological 
and  Physiological  Laboratories  of  the  University   of   Edinburgh.     Towards   the 
expense  of  this  research,  grants  were  received  from  the  BritvaVv  Mftd\c«A.  k&^oc^^\\ss^ 
and  from  the  Moray  Fund  for  the  Endowment  of  Researcla.  ^^dmWT^"^ . 

X-  'Bof.  Soc.  Proc.;  rolf.  21,  22,  and  23. 
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Ciinnifigham  in  tbe  '  Scientific  Meraoirs  hj  Mediciil  Officen  of  tbes 
Amiy  in  India  **  urged  the  opposing  theory  that  Cobra  venom  acteiE 
on  respiration,  through  the  blood  and  not  through  the  aenrous  eyateni    , 

Weir  Mitchell,  and  Reichertt  carried  on  Bninton  and  Fayrer'^ 
views.  Their  paper  was  mainly  concerned  with  the  venoms  of  otheH 
snakes  than  the  Cobra.  They  thought  two  factors  were  at  worV-^ 
on  the  rate  of  the  heart,  via,,  an  increased  acti\ity  of  the  accelerator^ 
centres,  quickening  the  beat,  and  a  direct  action  on  the  heart  slowing 
it.  They  attributed  the  primary  fall  in  blood  pre^ure  to  depr^sion 
of  the  vaso-motor  centres,  but  thought  it  might  be  partly  cardiac. 
The  rise  they  considered  *'  capillary  "  and  the  final  fall  cardiac. 

Bagotzt^  laid  great  stress  on  the  rdk  played  by  nerves nd  paralyses 
(oipeciaJly  phrenic),  and  disputed  Brunton's  ^-iews  that  respiration  was 
attacked  through  the  medullary  centre.  He  did  not  find  any  actioi; 
of  the  venom  on  the  vagal  mechanism.  He  surmbed  that  death  with 
a  tightly  contracted  heart,  the  result  of  very  large  doses  of  venom,  wbs 
due  to  a  cardiac  action. 

C.  J.  Martin  in  the  article  on  snake  venom  in  *  AUbutt's  System  of 
Medicine/  considers  that,  in  Cobra  poisoning,  the  circulatory  mechanism 
is  not  easily  affected,  and  contrasts  this  with  the  state  of  affairs  in 
viperine  poisoning.  He  found  that  vagal  stimulations  stopped  the 
heart  up  to  near  the  end  of  life  in  Cobra  poisoning. 

Object  of  this  Research. 

This  was  to  accurately  ascertain  the  precise  part  played  by  the 
various  important  centres,  nerves  and  organs  in  the  production  of  death 
from  cobraism. 

Meilvods  employed  in  the  Research. 

1.  Perfimon  of  the  frog  vessels  was  carried  out  with  solutions  of  Cobra 
venom  of  various  strengths. — The  central  nervous  system  had  been 
destroyed  first  in  each  case. 

The  strength-limitation  of  the  action  of  the  venom  on  the  arterioles 
was  carefully  studied. 

2.  Perfusion  of  frog  hearts  was  carrie^i  out  with  solutions  of  Cobra  venom 
of  various  strengths. — The  isolated  hearts  were  perfused  in  Schafer's 
plethysmograph,  and  blood  mixture  was  employed  as  the  vehicle  for 
the  poison.  The  strength-limitation  of  the  action  of  Cobra  venom  was 
again  determined  here.  Certain  drugs  which  resemble  this  poison  in 
their  action  on  heart  muscle,  were  also  experimented  with,  e.g., 
strophanthin   and   the   sulphate   of    atropia.      The   risks   apparently 

•  1895,  Part  IX,  and  1898.  Part  XI. 
f  '  Smithaonian  Contributlona  to  "KnoNvle^^e,^  \^^. 
i  FircLow'e  *  Archiv  fur  Path.;  to\.  \^2,  v.  ^Q\. 
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attendant  on  the  use  of  the  latter  drug  in  Cobra  poisoning  are  pointed 
out. 

3.  The  study  of  the  action  of  Cobra  venom  on  the  frog  heart  in  situ  was 
next  taken  up,  by  means  of  a  number  of  devices,  which  included  the 
direct  application  of  the  poison  to  the  medulla  oblongata,  which  was 
exposed  for  the  purpose. 

4.  Perfusion  of  the  mammalian  heart  was  carried  out  toith  solutions  of 
Cobra  venom  of  various  strengths, — The  isolated  heart  was  perfused 
through  its  coronary  vessels  with  a  nutrient  fluid,  in  which  the  venom 
was  dissolved.     Cats'  and  rabbits*  hearts  were  used. 

5.  By  mmns  of  kymographic  tracings^  tJie  blood  pressure^  respiratory 
imwementf  etCy  of  cobramd  rabbits  were  recorded  and  studied, — The  activity 
of  the  vaso-motor  mechanism  was  studied,  in  various  stages  of  cobraism, 
by  stimulations  of  the  depressor  and  sciatic  nerves,  the  vagi  were  cut, 
likewise  at  various  stages,  and  their  ends  were  also  stimulated,  in  order 
to  ascertain  the  part  played  in  cobraism  by  the  vagal  inhibitory 
mechanism ;  injections  of  a  solution  of  sulphate  of  atropine  were  also 
made,  and  the  effects  were  observed.  The  author  received  much  help 
in  this  section  from  Drs.  Sillar  and  Prentice. 

6.  ji  similar  set  of  experiments  to  the  last  was  carried  out  on  dogs  and 
cats,  plethysmographic  tracings  of  intestinal  volume  were  also  included  here, 
in  order  to  study  tlie  changes,  if  any,  going  on  in  the  splanchnic  arm 
drcidation, 

7.  The  movements  of  the  auricle  and  ventricle  were  studied  in  cobraised 
cats  and  dogs  by  renwving  the  front  of  tlie  chest  parietes,  and  attaching  the 
auricular  and  ventinadar  walls  {by  means  of  hooks  and  silk  threads)  to  levers 
recording  on  a  kymographic  apparatus. — The  blood  pressure  in  a  largo 
artery  was  recorded  at  the  same  time,  and  intestinal  volume  was  also 
frequently  taken  by  means  of  a  plethysmograph.  At  various  stages  the 
vagi  were  divided  or  stimulated,  and  the  results  observed.  The  effect 
of  giving  further  doses  of  Cobra  venom  with  the  vagi,  intact  or  divided, 
was  also  studied.  The  condition  of  the  vagal  nerve-ends  received  close 
attention. 

8.  By  kymographic  experiments  the  influence  of  artificial  respiration  on 
the  centres,  nene-ends,  etc,  of  cobraised  animals  rvas  carefully  studied, — The 
experiments  were  varied  in  different  ways. 

9.  The  direct  action  of  Cobra  venom  on  the  respiratory  centre  of  rabbits  was 
tested  by  applying  the  poison  to  the  exposed  medulla  oblongata, — A  stetho- 
graph  recorded  the  respiratory  movements,  and  the  blood  pressure  was 
at  the  same  time  taken  on  the  kymograph. 

10.  Several  seiies  of  expenm-eids  were  undertaken  to  ascertain  the  jmrt 
played  by  the  phrenic  and  otJier  nerve-ends  in  producing  the  respiratory 
complications  which  are  seen  in  cobraism. 
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Sutmnary  of  C&nclusimif, 

L  Cobra  veuom  acta  directly  on  tbe  museulaf  tiasuc  of  the  blood* 
veasclst  ^^  through  their  vaso-inotor  iierve-eti dings,  constricting  the 
iwteriolea,  and  thus  raiding  the  arteml  blood  pressure.  It  probablj 
affbet^  all  organs  alike.  In  the  frog  veascU  the  action  can  bo  traced 
down  to  dilutions  of  1  :  10,000,000.  In  a  Cobm-bitten  man,  the  con- 
centration of  Tenom  in  the  blood  is  probablj:  at  lea^t  thirty  timas  as 
great  a^  thig, 

2.  Cobra  venom  also  ikcts  directly  on  tbe  isohttod  frog  ventricle, 
killing  it  in  a  position  of  firm  systole,  if  the  solution  he  concentrated, 
and  stimulating  it  if  a  weaker  strength  be  employed.  Tbe  limit  of  the 
speedy  lethal  action  on  the  isokted  heart  is  reached  at  a  concentration 
of  about  1/500,000.  The  stimulating  action  c^in  be  traced  down  to  a 
dilution  of  1/10,000,000.  This  action  of  Cobra  venom  brings  it  into 
line  with  the  glucosides  of  the  strophaiithin  group.  Its  action  is  more 
rapid  than  that  of  strophanthin,  and  i^  certainly  not  inferior  to  it  ia 
strength.  Atropine  sulphate  and  Cobra  venom,  when  acting  iu  the 
same  solution,  intensify  each  other's  action,  and  produce  more  summa- 
tion  of  effect  than  one  would  have  anticipated.  This  detracts  from  the 
Value  of  the  atropine  salt  in  the  tre^itmeut  of  cobraism,  and  makes  it  a 
dangerous  remedy.  l*he  blood-pressure  work  has  confirmed  this  \iew 
of  the  case. 

3*  Cobra  venom  powerfully  affects  the  isolated  mammalian  heart, 
when  solutions  of  it  are  perfused  through  the  coronary  circulation. 
The^  action  appears  to  l>e  a  dual  one,  viz.  (l)adirett  action  on  the 
musetilar  fibre,  or  on  the  nen^e  endings,  closely  reaembling  that  which 
is  produced  on  the  isolate  frog  ventricle ;  and  (2)  an  action  on  the 
intracardiac  vagal  mechanism,  which  makes  for  inhibition.  The  result 
is  that,  in  strong  solution^?,  w*e  find  an  irregular  and  extreme  excitation 
of  the  heart  J  followed  by  early  death  in  a  position  or  systolic  tone.  If 
the  concentration  be  less,  the  early  stage  of  excitement  yields  to  a 
prolonged  phase,  in  which  the  tonic  action  of  the  poison  on  the  heart 
is  most  pronounced :  the  beat  is  regular,  steady,  and  strong.  Cobra 
venom  interferes  with  the  circulation  through  the  heart  in  a  marked 
manner;  this  is  probably  due  (1)  to  a  constriction  of  the  coronary 
vessels,  brought  about  by  the  direct  action  of  the  venom  on  the  vessel 
walls,  and  (2)  to  the  condition  of  tonus  into  which  the  heart  is  tending 
to  pass. 

4.  When  given  subcutaneously  in  low  lethal  doses,  Cobra  venom  kills 
by  paralysing  the  respiratory  centre.  Such  a  paralysis  is  under  these 
circiunstances  gradually  evolved,  and  in  the  early  stages  of  the  process 
t/iere  is  often  evidence  of  a  phase  of  stimulation  preceding  the  paretic 
nhsse. 
There   is  a  gradually   increasing  venoaivly    ol  0;it  WwA,  ^\A  \w. 
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consequence  thereof  all  the  harmful  results  of  slow  asphyxiation  are 
produced. 

If  life  is  prolonged  beyond  the  usual  term  by  artificial  respiration, 
and  possibly  also  il  the  dose  of  venom  is  a  very  low  lethal  one  which 
takes  many  hours  to  kill,  the  phrenic  and  other  motor  nerve-ends  may 
become  paralysed,  but  this  is  certainly  not  an  essential  feature  of  death 
from  lethal  doses  of  Cobra  venom,  which  kill  within  five  hours.  I  hope 
to  make  a  farther  communication  on  this  subject  later. 

The  convulsions  which  precede  death  are  purely  asphjndal,  and  can 
be  at  once  stopped  by  artificial  aeration  of  the  blood.  Each  such 
convulsion  is  followed  by  a  phase  of  exhaustion  of  the  respiratory 
mechanism,  which  is  almost  certainly  central. 

If  the  dose  of  Cobra  venom  administered  be  a  large  one,  and  especially 
if  it  be  given  intravenously,  the  respiratory  centre  is  quickly  and 
severely  affected,  and  respiration  may  cease  almost  at  once.  This 
cessation  of  breathing  may  be  permanent,  if  artificial  respiration  be 
not  quickly  started,  but  if  the  dose  be  a  smaller  one,  the  rhythmic 
activity  of  the  centre  reasserts  itself.  At  first  there  may  be  a  number 
of  deep  spasmodic  gasps,  and  then  the  movements  of  respiration 
re-begin,  very  gently  at  the  commencement,  and  gaining  force  as  time 
goes  on,  till  a  normal  rhythm  is  re-established,  or  even  a  stage  of 
stimulation  is  manifested.  Soon,  however,  the  centre  fails  again,  and 
all  the  phenomena  of  asphyxiation  appear. 

By  applying  Cobra  venom  directly  to  the  exposed  medulla  oblongata 
of  the  rabbit,  I  have  shown  that  the  respiratory  centre  can  be 
paralysed  without  the  phrenic  nerve-ends  or  the  heart  being  appre- 
ciably affected. 

If  very  large  doses  of  venom  are  injected,  death  may  take  place  by 
cardiac  failure,  before  the  respiratory  mechanism  has  given  way.  We 
have  here  to  do  with  the  direct  action  of  the  venom  on  the  heart 
muscle ;  the  beats  become  rapid,  and  shortened,  and  the  heart  passes 
into  a  systolic  phase,  in  which  it  dies  tightly  contracted. 

5.  Cobra  venom,  when  given  in  low  lethal  doses  subcutaneously, 
raises  the  general  blood  pressure.  There  may  be  a  slight  preliminary 
fall  before  the  rise,  but  often  this  is  wanting.  In  the  absence  of  farther 
interference  the  blood  pressure  remains  high  till  very  near  the  end  of 
life.  In  the  asphyxial  convulsions  which  herald  death,  a  farther  steep 
rise  of  blood  pressure  takes  place ;  this  is  soon  followed  by  a  sudden 
and  very  rapid  fall  to  death. 

The  high  level  of  blood  pressure  is  due  to — 

1.  The  direct  action  of  the  circulating  venom  on  the  muscular  tissue 
of  the  arterioles,  causing  a  constriction  of  these  vessels,  and  thus  opposing 
a  barrier  to  the  onward  flow  of  the  blood ; 

2.  The  increased  force  of  the  heart  beat  as  the  owtcom^  ol  \Jci^  ^\^irX» 
etimulating  action  of  the  venom  on  its  muscular  t\aa\xe^  ^Aidi 


188  Capt  R.  H.  Elliot     A  ContiUmiion  to  the      [Jan.  18, 

;L  Tho  stiniuUition  of  the  vaso-motor  centre,  as  a  result  of  the  steadily 
inonvising  vcnosity  of  the  blood. 

The  Hiight  preliminary  fall  of  blood  pressure,  which  is  sometimes  seen,. 
jA  duo  to  cardiac  inhibition,  but  this  subject  will  be  reserved  for 
tliniMiMMion  when  dealing  in  the  next  section  with  the  action  of  large 
diMtt^  of  tho  poison. 

Tho  lute  fall  in  the  rate  of  the  heart  beat  is  due  to  cardia  inhibition^ 
\  \\i\  latter  is  due  to  several  factors. 

1 .  A  gradually  progressive  asphyxiation  is  taking  place  throughout 
MUi'h  an  experiment;  this  affects  the  vagal  centre  in  common  with 
thu  roHt  of  the  nervous  system ;  the  result  is  a  stimulation  of  the 
inhibitory  mechanism,  and  a  consequent  slowing  and  weakening  of  the 
hoiirt. 

2.  The  direct  stimulating  action  of  the  venom  on  the  vagal 
jnliibitory  centre  acts  in  the  same  direction  as  the  asphyxiation  of  the 
centre. 

3.  There  is  distinct  evidence  that  even  when  the  influence  of  the  vagal 
centres  is  removed,  inhibition  of  the  heart  continues  to  progress, 
tliough  in  a  lessened  degree.  The  obvious  inference  is  that  the  vagal 
norve-cnds  are  stimulated  by  the  circulating  venom,  and  probably  als<» 
as  a  result  of  deficient  aeration  of  the  blood. 

4.  It  is  not  improbable  that  a  stage  of  exhaustion  of  the  heart  muscle 
follows  the  early  stimulative  action  of  the  venom ;  and 

5.  Exhaustion  of  the  heart  is  probably  predisposed  to  by  the  strain 
put  upon  the  organ,  in  having  to  work  for  a  long  period  against  ai> 
abnormally  high  blood  pressure. 

We  are  now  in  a  position  to  explain  the  sudden  rapid  fall  of  the 
curves  of  heart-beat  rate  and  of  blood  pressure,  which  usher  in  death 
at  the  close  of  one  of  these  long  experiments.  An  over-strained  and 
weakened  heart  is  suddenly  and  violently  called  upon  to  ])ear  a 
farther  burden,  for  respiration  has  ceased  and  the  medullary  centre^ 
are  acutely  asphyxiated.  As  a  consequence  there  is  a  violent  excita- 
tion of  the  cardio-inhibitory  and  vaso-motor  mechanisms.  The  heart 
is  slowed  and  at  the  same  time  has  to  work  against  a  suddenly 
increased  pressure,  and  it  gives  way.  In  fact  we  have  the  phenomenii 
of  asphyxiation  in  their  entirety. 

The  vessels  of  the  splanchnic  area  are  affected  pari  jhissu  with  those 
of  the  body  generally,  and  they  in  no  wise  act  independently.  The 
vaso-motor  mechanism  remains  active  throughout,  and  is,  as  we  have 
seen,  profoundly  affected  by  changes  in  the  vcnosity  of  the  ])lood. 

6.  Cobra  venom,  when  injected  in  large  doses  and  especially  when 
given  intravenously,  causes — 

(1)  a  sudden  fall  of  blood  pressure ; 

I  subsequent  rise,  provided  the  dose  has  not  ]>ecn  too  large  ;  and 
Snal  fai]  to  zero. 
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The  early  fall  is  undoubtedly  due  to  inhibition  of  the  heart.  It 
has  been  clearly  shown  that  this  is  mainly  brought  about  by  the  direct 
action  of  the  poison  on  the  vagal  centres  in  the  medulla  oblongata^ 
as  it  occurs  before  the .  accompanying  failure  of  respiration  has  had 
time  to  act.  Moreover,  it  is  seen  whilst  artificial  respiration  is  being 
actively  carried  on,  and  can  be  checked  under  these  circumstances  by 
<liviflion  of  the  vagi. 

On  the  other  hand,  there  can  be  no  doubt  that  asphyxiation  of  the 
vago-inhibitory  centre  intensifies  and  maintains  the  inhibition  which 
direct  influence  of  the  venom  on  the  vagal  centre  produces. 

The  spontaneous  recovery  of  respiration,  or  the  application  of 
artificial  respiration,  has  a  powerful  influence  in  mitigating  the  action 
of  the  venom  on  the  vagal  centre.  In  the  same  way  artificial  respira- 
tion, and  to  a  less  extent  the  spontaneous  recovery  of  respiration, 
appear  to  act  beneficially  on  the  poisoned  respiratory  centre. 

Even  if  the  heart  is  cut  adrift  from  all  central  vagal  impulses, 
whether  direct  or  indirect,  by  the  division  of  the  vagi,  there  yet 
remains  evidence  of  a  continued  inhibition  which  must  be  attributed 
to  the  direct  action  of  Cobra  venom  on  the  terminals  of  the  vago- 
inhibitory  mechanism.  This  action  would  appear  to  be  a  direct  one, 
but  there  is  every  probability  that  it  is  indirect  as  well,  in  other  words 
that  it  acts  through  asphyxiation  of  the  vagal  terminals,  as  well  as 
by  the  poisoning  of  these  parts  by  the  circulating  poison.  There  is, 
however,  another  factor  which  must  not  be  lost  sight  of,  viz.,  a  direct 
exhaustion  of  the  heart  muscle  as  the  result  of  irregular  over- 
stimulation. 

2.  When  the  secondary  rise  of  blood  pressure,  which  follows  the 
primary  fall,  occurs,  it  is  due  to  the  same  factors  which  determine  its. 
occurrence  when  small  doses  have  been  injected.  It  remains  to  explain 
why  it  is  sometimes  absent,  brief  or  ill  marked.  The  explanation  i* 
simple  ;  it  is  merely  a  question  of  cardiac  failure.  We  have  seen  that 
the  direct  inhibitory  action  of  the  venom  through  the  vagal  centre  is 
capable  of  overcoming  the  tendency  which  the  blood  circulating 
through  the  heart  muscle  has  to  throw  that  muscle  into  death  in 
systolic  tone.  Were  it  not  for  these  two  rival  forces  to  some  extent 
equilibrating  each  other,  Cobra  poison  would  kill  by  its  direct  action 
on  the  heart  muscle.  When  the  doses  are  comparatively  small,  or 
when  the  vagi  are  cut  or  thrown  out  of  gear  by  atropine,  we  find  the 
tonic  cardio-muscular  influence  of  the  venom  in  evidence,  but  when 
the  dose  of  venom  is  a  large,  and  especially  when  it  is  intravenously 
given  (the  vagi  remaining  intact),  the  inhibitory  action  overpowers  the 
muscular  excitation,  and  failure  of  the  heart  occurs.  If  the  inhibition 
is  sufficiently  well  marked,  no  amount  of  arteriolar  spasm  that  occuns 
will  compensate  it,  consequently  the  blood  pressure  laWa. 

Wlien  the  dose  of  venom  is  a  very  large  one,  t\i^  dvc^ciXi  \K>aa^\iN»:^ 
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stdmulation  may  be  so  inteiiBe  as  to  overcome  the  maximnm  inhibitory 
impulse,  and  tSien  the  heart  dies  in  systole  with  a  quickened  beat,  and 
is  found  after  deatii  as  hard  as  a  contracted  pos^-partum  uterus.  Under 
such  circumstances,  any  increase  in  the  force  of  the  heart  is  tem- 
porary, for  tiie  beat  is  probably  a  very  partial  one,  the  heart  passes 
throng  a  stage  of  excitement  into  one  of  increasing  systolic  tonus,  in 
which  the  contractions  are  very  limited  in  extent. 
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"  A  Study  of  the  Eadio-activity  of  certain  Minerals  and  Mineral 
Waters."  By  Hon.  B.  J.  Strutt,  Fellow  of  Trinity  College, 
Cambridge.  Communicated  by  Lord  Eaylkigii,  O.M., 
F.E.S.    Eeceived  February  29,— Bead  March  10,  1904. 

Part  I. 

A  considerable  number  of  minerals  are  known  in  varying  degrees 
to  be  radio-active.  Lists  have  been  given  by  M.  and  Madame 
Curie,*  and  by  Sir  W.  Crookes.t  Except  in  the  case  of  pitchblende, 
little  has  been  done  to  determine  the  nature  of  the  radio-active 
constituents ;  or  to  decide  whether  any  hitherto  unknown  radio-active 
body  is  present. 

To  obtain  complete  information  on  these  subjects,  the  only  method 
available  would  be  to  completely  analyse  the  mineral,  and  examine 
every  precipitate  and  filtrate  for  radio-activity.  This  process  is  of 
course  very  tedious,  and  the  results  have  to  be  interpreted  with  care, 
since  traces  of  radio-active  elements  may  often  be  carried  down  in  the 
groups  to  which  they  do  not  properly  belong,  and  thus  cause  con- 
fusion. A  much  easier  method  is  to  heat  the  crude  mineral,  and  to 
examine  the  rate  of  decay  of  the  emanation  which  it  gives  off.  Each 
emanation  has  a  characteristic  time-constant  of  decay,  and  by  deter- 
mining this  we  can  identify  it. 

The  method  is  of  course  useless  for  testing  the  presence  or  absence 
of  radio-active  elements  such  as  uranium,  J  which  do  not  give  off  a 
characteristic  emanation.  But  the  great  facility  with  which  it  may  be 
applied  to  a  small  quantity  of  material,  and  the  definiteness  of  the 
results,  are  great  merits. 

In  any  case,  when  a  material  suspected  to  contain  radium  is  obtainable 
in  abundance,  it  is  better  to  test  for  the  presence  of  emanation  than  to 
look  for  activity  in  the  solid.  For  but  little  of  the  solid  material  can 
be  advantageously  used  in  the  test.  Thick  layers  give  no  larger  effect 
than  thin  ones,  since  the  upper  layers  absorb  the  radiation  from  the 
lower.  But  the  emanation  can  be  extracted  from  any  desired  bulk  of 
material,  and  the  effect  proportionately  increased.  If  ciirbonic  acid, 
cr  any  other  gas,  is  evolved  at  the  same  time  in  inconvenient  quantities, 
it  can  be  absorbed  with  a  suitable  reagent,  and  the  emanation  contained 
in  it  thereby  concentrated. 

*  *  Th^se  pre«entee  k  la  Faculty  des  Sciences,'  Paris,  p.  19. 

t  *  Roy.  Soc.  Proc.,'  vol.  6Q,  p.  411. 

X  I   have   found   a    distinct,   though    feeble,   emanation    from    re-crjstallised 
uranium  nitrate,  having  a  rate  oi  decaj  equal  to  that  oi  VVie  t^^\u\xi  CYii'^xv'dNA.QiTv.. 
Wbetlior  this  ia  reallv  due  to  uranium,  or  to  traces  of  Tadvum.,  vj\vni^  VX\^  vrwJDC^xiLTOk 
gtJlJ  coDtains,  muit  be  left  for  the  present  an  open  qucslion. 
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Tlie  present  paper  girei  the  results  of  an  Gxsiniination  of  certain 
rnilio-active  luRtermla  by  this  uiethod. 

No  new  einaiiatiim  lins  been  recognised.  The  lesulta  have  in  nil 
crises  iM^en  uttributable  to  thorium  and  radiunL 

If  any  emanation  decide<lly  more  permanent  than  that  of  radium 
existed  in  the  evolved  gas,  the  method  could  not  fail  to  detect  it.  For 
in  every  case  the  activity  of  the  gas  was  watched  until  it  became 
comparable  with  the  very  small  activity  due  to  the  walls  of  the  vessel 
If  a  more  durable  emanatitm  had  been  present  even  in  small  quanti- 
ties, the  proportion  of  it  present  woidd  have  increased  relatively  to  the 
radium  emanation,  and  its  presence  would  have  become  appireat 
towards  the  end,  by  a  dimiuished  rate  of  decay. 

Small  quantities  of  an  enrntiation  less  durable  than  that  of  radium 
nught  liiive  escaped  detei'tion.  For  they  would  ha\'e  been  maske<l  by 
the  much  greater  quantit}^  of  the  latter, 

By  measiu-ing  the  rate  of  lejik  due  to  the  accumulated  emanation 
from  a  weighed  amount,  the  proportion  of  radium  present  may  be 
estimated,  A  eomparisoo  with  the  leak  due  to  the  emanation  of  a 
known  wiMLdil  of  rudiuTn  inwM  of  mnr^f^  Tv  tiih<1<\  Fnr  thh  ruirpost^ 
it  would  be  best  to  weigh  out,  say,  a  milligramme  of  radium  bromide, 
dissolve  it  in  a  litre  of  water,  and  evaporate  a  small  measured  quantity  of 
the  solution  in  a  suitable  tube.  In  this  way  the  effect  due  to  a 
standard  quantity  could  be  determined. 

The  method  of  experimenting  was  as  follows  : — 

The  powdered  mineral  was  placed  in  a  hard-glass  combustion  tube, 
drawn  out  and  sealed  at  one  end,  connected  to  a  mercury  gas-holder 
at  the  other.  The  mineral  was  heated  to  redness,  and  the  gaseous 
products  collected  in  the  gas-holder.  When  the  evolution  of  gas  had 
ceased,  the  point  was  broken  off,  and  air  drawn  into  the  gas-holder,  up 
to  a  standard  volume. 

For  measuring  the  electrical  effects,  an  electroscope  was  used.  This 
was  exhausted,  and  the  gas  extracted  from  the  mineral,  together  with 
the  air,  which  had  been  used  to  make  up  its  volume  to  a  sufficient 
amount,  was  admitted.  After  a  few  hours,  enough  for  the  deposited 
activity  to  attain  its  full  value,  the  rate  of  leak  was  read.  The  day 
and  hour  was  noted,  and  the  gas  was  pumped  out  into  a  test-tube  and 
stored  over  mercury.  After  a  sufficient  time  had  elapsed,  it  was  again 
introduced  into  the  apparatus  by  means  of  a  syphon  gas  pipette*  and 
the  rate  of  leak  again  measured.  In  the  meantime  the  apparatus  had 
been  available  for  making  measurements  with  other  gases. 

In  some  cases  the  emanation  was  initially  so  strong  that  it  coidd 
not  be  conveniently  investigated.  In  such  cases  a  portion  of  the  gas 
was  diluted  with  air  for  measuring  the  rate  of  decay  at  first.     The 

*  The  methods  of  manipulation   used  in  storing  and  transferring  the   gti£e» 
7S3  were  those  described  in  Dr.  Tra\eT4*  book,  *  Th«  8*udT  cf  Gkses.' 
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concentrated  material  was  kept  until,  by  lapse  of  time,  it  had  become 
weak  enough  to  be  conveniently  used.  Its  activity  was  followed  until 
it  had  become  too  small  for  measurement. 

With  this  preface  the  results  for  the  various  minerals  tried  may  be 
given  in  the  form  of  a  table.  The  rates  of  leak  are  given  in  scale 
divisions  per  hour.  When  air  alone  filled  the  apparatus,  the  rate  of 
leak  was  2*25  sc.  div.  per  hour.     This  was  in  each  case  subtracted. 


Mineral. 


Samsnkite  . 
Fergiiiomt« . 
Pitcnblende. 
MaUcone  .. 
Monazite . . . 


Zircon . 


Locality. 


N.  Carolina,  U.S.A 

Norway  P 

Cornwall 

Hitteroe,  Norway  . 

Norway 

N.  Carolina 

Brazil 

N.  Carolina , 


Quantity 
taken  in 
grammes. 


20 
7 
40 
20 
61 
82 
54 
60 


Bate  of 
leak 

due  to 
emanation 

(sc.  div. 
per  hour). 


20,600 

4,280 

11,900 

1,440 

2,060 

37 

11 

24-6 


Time  in 

days  taken 

Bate  of 

by  the 

leak  per 

emanation 

100 

to  fall  to 

grammes. 

half  its 

initial 

Talue. 

103,000 

3-48 

61,000 

3-80 

29,800 

3-50 

7,200 

3-81 

4,000 

3-60 

45 

3-81 

24 

3-80 

41 

4  05 

All  the  minerals  give  radium  emanation,  though  in  very  varying 
quantity. 

These  tests  were  not  started  quickly  enough  to  give  information  as 
to  the  presence  of  a  very  quickly  decaying  emanation.  This  was 
tested  for  independently. 

The  mineral  malacone  is  of  peculiar  interest,  because  it  has  been 
found  to  contain  argon  as  well  as  helium.*  Helium  is  formed  by  the 
degeneration  of  radium,  and  it  is  reasonable  to  assume  that  the  other 
kindred  gases  have  had  a  similar  origin.  It  was  hoped,  therefore, 
that  malacone  might  contain  some  new  radio-active  element.  It  is  still 
possible  that  it  does  so,  but,  if  so,  this  substance  gives  no  emanation 
distinct  from  that  of  radium. 

The  meteorite  of  Augusta  Co.,  Virginia,  has  also  been  found  to  contain 
argon  and  helium.  But  no  emanation  at  all  could  be  obtained  from 
20  grammes  of  it. 

The  minerals  were  all  tested  for  thorium  emanation  by  drawing  air 
over  them  in  the  cold ;  the  only  one  in  the  above  list  that  gives  it  is 
the  Norwegian  monazite,  and  even  this  does  not  yield  it  very 
abundantly.  A  crystal  of  thorite,  however,  kindly  lent  me  by 
Professor  Lewis,  was  found  to  give  torrents  oi  t\voT\\XT[i  evx^'axv^^AOvv 
*  Bamaay  and  Trarers,  *  Eoy.  See.  Ppoc  ,*  to\.  64,  \i.  \^\. 
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Air  drawn  over  it  In  tho  cold  possissaes  strong  discharging  power.  It 
was  not  permijaible  to  heat  the  specimen,  whicli  might  have  inj^ired  \i, 
so  that  tha  presence  or  alieenco  of  radinm  emanation  in  tborlte  coiild 
not  he  investigated. 

There  can  be  no  doiiljt  that  the  other  specimens  of  monadt* 
contained  thorinm,  for  they  were  given  me  hy  the  late  Mr,  W. 
Shapleigh,  who  was  connected  with  the  thorium  industry,  and  u^ 
these  varieties  of  monaxite  for  preparing  thoria.  They  were,  moreover, 
markedly  radio-active,  while  the  n mount  of  radium  emanation  obtained 
from  them  was  so  small  that  their  activity  coidd  not  be  mainly  dne  to 
radium.  They  probably  contaia  the  thorium  in  what  Eutherford  and 
Soddy  call  the  de-emanated  condition.  That  is,  the  thorium  emana- 
tion, though  fdrmed,  is  not  able  to  escape. 

It  is  a  remarkable  fact  that  these  varieties  of  monazite,  though  they 
contain  practically  no  radiiun»  yield  helium  in  fair  quantity.  There 
are  several  exjdanations  posrible.  Hie  radium  originally  presMit  may 
have  almost  completely  decayed  into  helium,  and  any  oth^r  produ«to 
which  it  ma^  jrield;  or  it  may  be  that  thorium,  as  well  as  radiuiBt 
yields  helium  by  its  decomposition ;  or,  lastly,  the  helium  may  not»  in 
this  instance,  have  been  generated  by  radio-active  changes  at  all. 

It  is  interesting  to  know  whether  the  minerals  retain  all  the  radium 
emanation  which  they  generate  when  heat  is  not  used  to  expel  it.  Two 
cases  were  examined.  One  hundred  and  fourteen  grammes  of  powdered 
samarskite  were  kept  for  3  weeks  in  a  sealed  glass  tube.  The  air  was 
pumped  out  and  tested.  It  was  found  to  contain  about  yj^  pai-t  of 
the  emanation,  which  could  have  been  extracted  by  heat. 
.  A  similar  experiment  with  malacone  showed  that  about  one-iiftieth 
of  its  emanation  was  able  to  escape  in  the  cold. 

It  appears,  therefore,  that  these  minerals  retain  nearly  all  their 
emanation.  The  same  is  probably  true  of  the  helium  produced  by  the 
emanation.  Samarskite  which  had  been  heated  to  redness  was  found 
to  retain  its  emanation  in  the  cold  about  as  well  as  before. 


Part  II. 

'  I  happened  to  possess  a  small  sample  of  a  red  deposit,  coloured  by 
iron,  which  is  left  by  the  water  of  the  King's  Spring,  at  Bath.  It 
occurred  to  me  that  it  might  be  worth  while  to  test  this  for  radio- 
activity. The  result  was  to  show  that  the  deposit  was  markedly 
active.  On  leaving  it  in  the  testing  vessel  (which  was  closed  airtight) 
for  a  few  days,  the  activity  was  found  to  increase  to  several  times  its 
initial  value.  This  shows  that  the  deposit  gives  off  an  emanation 
freely,  even  without  heat. 
Expeiimente  were  then  made  to   test  the  rate  of  decay  of  this 
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emanation.  It  proved  to  be  identical  with  the  rate  of  decay  of  the 
emanation  of  radium.*    The  activity  is  wholly  due  to  that  element. 

This  deposit  was  collected  inside  the  King's  Well  itself,  where  the 
hot  water  issues  from  the  ground.  Other  deposits  are  left  in  the  tanks 
and  pipes.     They  are  less  active  than  that  collected  near  the  source. 

Deposits  from  another  of  the  hot  springs  at  Bath,  that  known  as  the 
Old  Boyal  Spring,  have  also  been  tested.  These  were  found  to  be 
active  also.  In  this  case  there  was  no  opportunity  of  collecting  the 
deposit  at  the  well-head  itself,  but  it  was  found  that  the  deposit  left  in 
the  channel  near  the  source  was  more  active  than  that  in  the  tanks 
further  from  it. 

It  was  interesting  to  determine  whether  the  water  itself  contained 
any  radium  in  solution.  There  could  be  little  doubt  that  there  must 
be  traces  left  in  solution,  after  the  deposit  had  settled  out.  But, 
since  the  Bath  water  contains  abundance  of  sulphates,  and  since 
radium  sulphate  is  one  of  the  most  insoluble  salts  known,  there  could 
not  be  more  than  the  merest  traces  present.  The  sulphate  of  barium 
is  very  much  less  soluble  than  that  of  strontium.  And  presumably 
the  sulphate  of  radium  is  much  less  soluble  still.  Barium  sulphate 
requires  half  a  million  times  its  weight  of  water  to  dissolve  it ;  radium 
sulphate  perhaps  several  hundred  million  times  its  own  weight. 

About  10  litres  of  the  Bath  water  were  evaporated  to  dryness.  The 
resulting  saline  residue  was  sealed  up  in  a  hard-glass  tube,  and  left 
for  about  a  fortnight  to  generate  a  stock  of  emanation.  On  heating, 
a  distinct  emanation  was  obtained,  giving  several  times  the  rate  of  leak 
that  air  did.  A  deposit,  similar  to  that  from  the  Bath  water,  but 
black  in  colour,  can  be  collected  from  the  source  of  the  hot  springs 
of  Buxton.  It  has  been  analysed  by  Dr.  J.  C.  Thresh,  t  and  I  am 
indebted  to  his  kindness  for  a  specimen  of  it.  This  deposit  was  found 
to  contain  radium  also ;  the  proportion  present  being  not  very 
different  from  what  was  found  in  the  case  of  some  of  the  Bath  deposits. 

The  following  table  gives  the  quantitative  data  for  these  emanations 
from  these  deposits.  The  rates  of  leak  are  on  the  same  scale  as  those 
in  the  preceding  table. 

It  will  be  seen  that  the  richest  of  the  deposits  is  some  thirty-six 
times  more  active  than  the  salt  obtained  by  evaporating  the  water. 

Although  the  agreement  in  the  rate  of   decay  of  the  emanation 

*  In  the  first  experiment  made,  I  obtained  a  small  residual  leak  when  the 
radium  emanation  had  decayed.  This  was  attributed  to  a  new  emnnation,  of 
greater  durability.  But  I  have  failed  to  repeat  the  experiment,  and  am  forced  to 
conclude  that  the  leak  was  due  to  a  failure  of  the  quartz  insulation,  owing  to  the 
presence  of  moisture.  It  is  very  difficult  to  understand  how  this  cm  hare 
happened,  for  the  gas  was  passed  through  drying  tubes.  When  tlic  rate  of  leak 
was  tested  with  air  in  the  apparatus,  it  had  always  a  petCecVVj  <\c?\iv\\,c  ^\A 
constant  Bmal)  value. 

f  'Proc.  Chem.  8oc./  Januarj  17 j  1882. 
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Timeia 

Bftteaf 

B»teor 

A%j*  Ukea 

Matenia. 

Quantity 

Wk 
due  to 

emanattoTi 

lemk 
due  to 

pmADotioa 

hythe 

emuiatioit. 

ior«UtD 

gruuine«. 

(ep.  div. 

Uom  100 

Imlf  ill 

per  hour). 

gramroe*. 

initua 
T»l»e* 

King's  Spring?,  B*ib— 

Deposit  from  inside  of  wdl  p ,  • , , 

10 

250 

2.500 

3-60 

t,          Iftuk  .^^^.«i«ife<< 

12 

IS 

78-2 
12-4 

650 

»» 

Mine  rcMif UP  from  waier  ,,,,., 

Old  Rorjil  ^vnng,  Bftth— 

•* 

Deposit  fmrn  cbimiel  nc?iir  well  . 

10 

63  S 

m% 

^,           bottom  of  tank  .  ,* 

1.1 

60 

400 

«* 

Hard  deposit  from  eide»  of  tonk  . » 

25 

43 

X73 

^■m 

Button  dcDosit -* ,. 

2a 

35e 

Ji»7U 

8m 

seemed  sufficient  to  prove  that  the  activity  was  really  due  to  radium^ 
yet  it  was  thought  desirable  to  show  that  the  chemical  properties 
of  the  active  constituent  were  in  agreement  with  this  conclusion.  Two 
hundred  grammes  of  the  richest  deposit  were  treated  with  dilute 
sulphuric  acid.  The  activity  was  all  in  the  insoluble  residue,  which 
was  dirty  white  in  colour,  and  amounted  to  about  half  of  the  entire 
quantity  of  deposit.  The  residue  was  boiled  with  strong  sodiiun 
carbonate  solution.  This  was  washed  away,  and  the  mass  extracted 
with  hydrochloric  acid.  The  hydrochloric  acid  solution  gave  a  slight 
precipitate  with  sulphuric  acid.  This  precipitate  was  collected,  and 
found  to  be  strongly  active,  so  that  there  is  every  reason  to  conclude 
that  the  activity  of  the  deposit  is  due  to  the  presence  of  radium. 

The  presence  of  radium  in  the  Bath  water  and  deposits  is  of  special 
interest  because  of  the  occurrence  of  helium  in  the  gas  which  rises 
with  the  spring.*  There  can  be  little  doubt  that  the  helium  owes  its 
origin  to  the  same  store  of  radium  that  supplies  the  water. 

It  is  interesting  to  estimate  the  quantity  of  radium  annually 
delivered  by  the  spring.  Part  of  this  is  in  the  deposit.  Part  in  the 
water.  But  the  annual  yield  of  deposit  does  not  exceed  a  few 
hundred-weight  at  the  most.  And  although  it  is  much  richer  in 
radium  than  the  dissolved  salt,  the  quantity  of  the  latter  is  so 
enormously  greater,  that  the  deposit  may  be  neglected.  According  to 
the  estimate  of  Sir  A.  C.  Eamsay,  the  late  Director  of  the  Geological 
Survey,  the  salt  annually  delivered  by  the  spring  would  be  equivalent 
in  volume  to  a  column  9  feet  in  diameter,  and  140  feet  high.  Taking 
the  density  to  be  twice  that  of  water,  this  would  weigh  about 
300,000  kilogrammes. 


BayleJgb,  *  Roy.  Soc.Proc.;  \o\^0,\>.^^. 
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Now  the  saline  residue  gives  about  ^TinF  P^^^  ^^  ^^^  quantity  of 
emanation  that  samarskite  gives.  Let  us  assume  that  the  latter 
contains  one-millionth  part  of  radium,  which  is,  I  think,  an  outside 
estimate.  At  that  rate,  the  annual  delivery  of  radium  by  the  spring 
amounts  to  about  one-third  gramme.  The  volume  of  gas  which  the 
spring  delivered  is  about  100  cubic  feet  per  day.*  About  T^nnr  P*^^  ^^ 
this  is  helium,  so  that  about  3  litres  of  helium  is  given  oif  daily,  or 
about  1,000  litres  per  annum.  The  proportion  of  helium  to  radium 
thus  indicated  is  of  the  same  order  as  in  the  radio-active  minerals, 
though  somewhat  larger.  This  is  in  accordance  with  the  view  that 
the  spring  draws  its  supplies  from  the  disintegration  of  such  minerals. 

In  obtaining  the  various  materials  from  the  Bath  springs,  I  have  had 
the  great  advantage  of  Mr.  Sydenham's  help.  His  knowledge  of 
everything  connected  with  the  springs  has  been  of  great  assistance. 

In  addition  to  the  Bath  and  Buxton  waters  I  have  examined  several 
others.  A  sample  of  the  Cheltenham  saline  water,  and  also  a  deposit 
left  in  the  pipes,  was  kindly  sent  me  by  Mr.  G.  Ballinger.  But  no 
emanation  could  be  obtained,  either  from  the  dissolved  salts  or  from 
the  deposit.  The  boiler  crust  from  a  domestic  hot-water  pipe,  Terling, 
Essex,  was  examined,  but  the  result  was  again  negative. 


Williamson  '  B.A  Rep orts,'  1866,  p.  380. 
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**  An  Inquiry'  into  the  Nature  of  the  Relationship  between  Sun- 
sixjt  Frequency  and  TerreatrJal  ilagnetisni,"     By  C.  CoHls. 
^  ScD,.  LLT),,  F.RS.    Eeceived  Febmar)-  8,— Read  March 3, 
1904 

(Abstract.) 
1 1.  The  formula 

B  =  a  +  ftS ,„..„., „„„,„   {\\ 

where  K  is  gome  magnetic  quantity  anch  as  the  ampHtude  of  th« 
dlurDa!  oscillation  of  the  needje,  a  and  h  coostanta,  and  S  iun^poi 
frequency  (after  Wolf  and  Wolfer),  was  first  applied  by  Wolf  to  the 
mean  declination  range  throughout  the  y ear- 
In  a  recent  paper,*  mainly  devoted  to  other  jsubjeets,  1  apphad 
it  to  tbo  ranges,  and  the  sum  of  the  24  hourly  diSTerences  from  the 
meaU  for  the  day,  in  the  mean  monthly  and  annual  diurnal  inequalities 
of  declination,  inclination,  horizontal  force,  and  vertic^il  force  at  Kew. 
Some  analogous  results  were  alao  given  for  Wilhelmshaven,  Potddma^ 
and  Pare  St-  Maur, 

The  present  paper  is  entirely  devoted  to  the  cotineetion  between 
^unspot  frequency  and  terrestrial  magnetism.  It  deals  with  data  from 
Milan  (1836^1901),  Greenwich  (1841^96),  Pawlowsk  and  Katharinen 
burg  (1890—1900),  Batavta  (1587^98),  and  Mauritius  (1875—90). 
It  aims  at  ascertaining  wherein  the  result*  in  my  previous  paper  ar* 
peculiar  to  the  station  or  period  (chiefly  liJ90 — 1900)  dc^lt  i^-itk 

It  investigates  what  differences  may  exist  I  jet  ween  the  siuispot 
connection  on  ordinary  days  and  on  magnetically  quiet  days,  and 
what  differences  arise  when  one  applies  (1)  to  the  mean  of  the 
differences  between  the  aljsolutely  highest  and  lowest  d/tily  readings, 
instead  of  to  the  range  of  the  mean  diurnal  inequality.  It  also 
considers  various  measures  of  the  magnetically  disturl:*ed  character  of 
the  3'ear,  and  their  reUtioji  to  sunspot  frequency, 

§  2.  The  iiKjuiry  into  the  influence  of  the  period  selected  on  the 
values  of <  tf  and  h  in  (1)  is  bafie*i  on  the  above-mentioned  Milun  and 
Greenwich  results,  due  respectively  to  Signor  Rajna  and  Mr.  Ellis. 
In  both  cases,  unfortunately,  there  is  a  want  of  strict  homogeneity  in 
the  earlier  data.  The  Greenwich  data  suggest  a  slight  progressive 
increase  in  hja  during  the  last  60  years  in  the  case  both  of  declination 
and  horizontal  force  \  but  this  is  not  confirmed  by  the  Milan  results 
The  values,  however^  obtained  from  h^a  in  the  case  of  the  decU nation 
range  at  Milan  from  the  two  periods  1837—50  and  1B54 — G7  are,  the 
one  28  per  cent,  below,  the  other  12  per  cent,  above  the  value  obtained 
hy  Rajiia  for  the  period  1836 — 94.  In  more  recent  years  there  is  less 
sppiirent  Irregularity   in   the  tnagivetic  awd  suu^^ot   relation.      This 

'^  *  Phil.  Trans.;  A,  to\.  20^,  v  "i^'^- 
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suggests,  of  course,  that  the  apparent  considerable  variations  in  the 
values  of  b/a  just  alluded  to  may  be  mainly  due  to  observational 
imperfections,  but  uncertainty  is  not  unlikely  to  remain  on  this  point 
until  the  recurrence  of  a  period  of  exceptionally  high  or  low  sunspot 
frequency. 

§  3.  Table  I  gives  some  of  the  principal  results  obtained  in  the  case 
of  the  range  of  the  mean  diurnal  inequality  for  the  year.  The  units 
are  1'  for  angles,  and  000001  C.G.S  (or  1  y)  for  force  components. 

Table  I. 


Place. 


I  I     Declination. 

I       Duta       I 
'     from —     I  — 


Horizontal 
force. 


Vertical 
force. 


WbJlO^bja 


im.  lO^bjaj    a. 


)0^b:lO*bla 


Pawiowak . .    All  daj8  . .  ^7l  400  70 

„         I  Quiet  days  iV  \  7,  424  69 

Katliarinenburg.  |  All  days'. .  o'lili  842  '  65 

Kew I  Quiet  days  HIO  433  71 

Bataria      AH  days  . .  !£  47  179  73 

Mauritius    '         „       . .  I  LUl  164  :  40 


20-7,  211 
:  20-6  195 
I  16  8  182  ; 
!  181.  191 
I  3S-7'  274 
I  150,    96 


102  ,  81    235 

95  '  5-9  I    27 

109     8-6  ,  117 

107    14-3'    81 

71    301    156 

64    11-9      69 


326 
46 

137 
56 
52 
58 


If  we  exclude  Mauritius,  where  several  anomalous  features  present 
themselves,  we  notice  a  remarkable  uniformity  in  the  values  of  b/a  for 
declination  in  Table  I.  The  extraordinarily  large  differences  between 
the  "  all  "  day  and  "  quiet "  day  (Wild's  normal  day)  results  at  Pawlowsk 
for  vertical  force  presents  itself  in  every  month  of  the  year.  Pawlowsk 
is  a  station  where  magnetic  disturbances  are  particularly  prominent, 
and  the  vertical  force  there  seems  particularly  sensitive  to  them. 

§  4.  For  Greenwich  only  mean  monthly  diurnal  inequalities  were 
available.     Table  II  gives  the  mean   of   the    12   monthly   values   of 

Table  11. 


Place. 


0.1. 


Data  from — 


I 


Declination. 


Horizontal 
force. 


a.   ^10*b.A0*blaJ    a.  ,10'6.ll0^i/a 


I 


Pawlowsk I  1890—1900 

>>           ......  ,, 

Kotl'.arinenburg  '  „ 

Greenwich I  1841—1896 

I  1865-189G 

, 1889—189(3 

Kew." '.y.y.'j  1890—1900 


All  days.... 

1 
6-81 1  446 

Quiet  days.. 

6-52  442 

All  duyn. .  . . 

618  355 

.... 

7'^^  377 

,;   .... 

7071  3!)6 

6  7l'  418 

Quiet  days.. 

6-36;  415 

»         •  • 

6-49i410 

66 
68 
58 
52 
56 
62 
65 


I         '         I 
'  22-8  243  I 

22-2  208 

19-2  195  I 

26  4'  190  I 

23  6  215 

I  23-7  218  I 

i  25  0  213  I 


107 
94 

101 
72 
91 
92 
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a  and  6,  and  the  corresponding  value  of  hja  for  Greenmch  and  some 
otber  {Stations,  Here,  as  in  Table  Ij  the  data  relate  to  tKc  me^ut 
diurnal  inequality.     The  units  are  tlie  eamo  as  in  Table  L 

g  5.  For  comparison  with  Table  I,  I  give  in  Table  IIT  reaulto 
applicable  to  the  mean  value  for  the  year  of  the  absolute  daily  mnges 
(taken  from  individual  days  irrespective  of  the  hours  of  occurrence  of 
the  maximum  and  minimum).     The  unita  arc  as  before: — 

Table  in 


— 

DecliBatinn. 

HurUontal 
I'orce. 

Tertinil 

1             * 
\            1 

a. 

IQFL     Wl/a. 

1           1 

PttwJowBk !  11  3      1130 

Kiitbariiieiiburg.  i     a  iX>      652 
Mtturitiu* ......       5  53      2,-55 

1 

lOD 
82 
46 

45  3 
30  7 
30-4 

f3G 
a66 

1S6 

1           1           |i           T 
Ul  1 17  -6  1  520  '     S»S 
119     14  6     248        171  ' 
61     16  2       d4         5S  , 

1           '            1 

The  large  increase  in  the  values  of  both  a  and  b  as  compared  to 
Table  I  will  be  noted.  Except  at  Mauritius,  the  values  of  b  a  for 
declination  and  horizontal  force  are.  considerably  greater  in  Table  III 
than  in  Table  I.  There  seems,  in  fact,  a  general  tendency  for  6/a  to 
increase  as  we  pass  from  a  quantity,  such  as  the  range  of  a  diurnal 
inequality,  which  is  comparatively  independent  of  disturbances,  to  a 
quantity  such  as  the  mean  absolute  daily  range,  which  is  largely 
dependent  on  disturbances.  Formula  (1)  becomes,  however,  less  and 
less  strictly  applicable,  the  more  disturbed  the  magnetic  quantity  to 
which  it  is  applied.  When  we  consider  quantities  such  as  the  mean 
of  the  12  monthly  ranges  (maximum  and  minimum  for  the  month),  or 
the  annual  range  (maximum  and  minimum  for  the  year),  we  find  large 
diflferences  between  observed  values  and  those  calculated  from  (1).  In 
all  the  stations  considered,  1893,  though  a  year  of  absolute  sunspot 
maximum,  was  much  less  disturbed  than  1892.  At  Pawlowsk  and 
Katharinenburg  1893  might  fairly  be  termed  a  quiet  year,  while  189'i 
and  1894  were  largely  and  persistently  disturbed. 

In  the  case  of  ranges  from  mean  diurnal  inequalities  for  the  year,, 
the  agreement  between  observed  and  calculated  values  is  about  equally 
good  at  Pawlowsk,  Katharinenburg,  Batavia,  and  Kew.  In  the  case 
of  declination,  the  mean  difference  between  observed  and  calculated 
values  is  about  4  per  cent,  of  the  mean  value  of  the  range  during  the 
period  dealt  with.     On  the  whole,  the  agreement  is  distinctly  less  good 

7/2  the  case  of  vertical  force  than  in  lY\e  crva^  ol  O.^-AKwaX-wx,  Inclination 

»r  horizontal  force. 
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When  eztractmg  data  from  the  earlier  of  the  two  papers  by  Mr.  Ellis* 
already  mentioned,  I  found  that  he  had  there  advanced  evidence — 
though  he  seems  hardly  to  have  considered  it  conclusive — that  the 
difference  between  the  Greenwich  declination  and  horizontal  force 
ranges  in  years  of  many  and  few  sunspots  was  not  the  same  in  different 
seasons  of  the  year.  Converted  into  exact  mathematical  language,  this 
would  imply  the  variability  of  b  throughout  the  year.  If  I  had  been 
aware  at  the  time  of  Mr.  Ellis's  remarks  on  this  point  I  should  have 
referred  to  them  in  my  preliminary  notet  on  this  subject. 


*•  The  Optical  Properties  of  Vitreous  Silica."  By  J.  W.  Gifford 
and  W.  A.  Shenstone,  F.K.S.  Keceived  January  12, — 
Kead  March  3,  1904. 

The  properties  of  vitreous  silica  suggest  that  it  is  not  imlikely  to 
play  an  important  part  in  optical  work.  Its  composition  is  definite, 
that  is  to  say,  it  is  not  liable  to  those  minute  variations  which  make 
it  impossible,  we  believe,  to  produce  with  certainty  two  meltings  of 
glasa  which  exhibit  no  sensible  difference  in  their  optical  properties 
when  tested  by  a  first-rate  spectrometer.  Hardly  any  corrosive  fumes, 
except  those  of  fluorine  and  hydrogen  fluoride,  attack  silica,  and  it 
is  indifferent  to  most  ordinary  solvents.  It  is  as  transparent  to  ultra- 
A^olet  radiations  as  quartz,  but  is  not  doubly  refracting  like  that 
substance.  And  though  it  is  a  little  diflScult  to  prepare  vitreous 
silica  in  large  masses,  this  difficulty  can  be  surmounted,  and  the 
supply  of  the  substance  is  not  limited  like  that  of  fluorite.  In  short, 
vitreous  silica  places  at  our  disposal  a  really  standard  glass.  The 
refractive  index  of  the  new  glass  is  low,  it  approaches  that  of  fluorite. 
Its  dispersive  power  is  sensibly  greater  than  that  of  quartz. 

The  measurements  given  in  this  paper  were  made  with  a  prism 
having  faces  41  mm.  high  by  32  mm.  wide,  and  angles  of  60" 
approximately.  The  mass  of  silica  from  which  this  prism  was  cut 
was  made  under  the  supervision  of  one  of  us  in  conjunction  with 
Mr.  H.  G.  Lacell,  to  whom  our  thanks  are  due.  As  it  was  our  object 
to  produce  a  standard  substance  for  optical  work,  no  care  was  spared 
at  this  stage.  In  making  the  mass  of  silica  the  spectroscopic  traces 
of  lithium  and  the  traces  of  sodium  which  occur  in  quartz  were  burnt 
out  as  completely  as  possible  in  the  oxy-gas  flame.  The  prism  itself 
was  built  up  from  many  hundreds  of  fine  rods  of  vitreous  silica, 
prepared   specially   for   this   purpose   by   a   process   which   has  been 

•  'Phil  Tranu./  /or  1880. 

f  *Koy.  8oc,  Proc.,*  vol.  71,  p.  22\. 
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described  prcnously  *  These  rods  were  iipplicd  when  softened  hj 
heat  to  one  end  of  a  thicker  rod  of  silica  and  ^aduallj  tDelt«4 
into  tho  larger  mass,  the  larger  mass  itself  iKsing  maintained  in  a 
Bemi'molt«n  state  during  the  operation  about  the  part  where  the 
addition  waa  made  hy  means  of  a  powerful  combination  of  fo^ir 
"  mixed  gas  "  oxj-gas  flames.  The  process  occupied  many  days^  and 
in  order  to  secure  uniform^ity  in  the  finished  block,  the  whole  waa 
keated  throughout  after  every  intenml  in  the  proems  as  thoronghiy 
as  possible  before  further  additions  were  made.  During  the  whole 
process  the  greatest  care  was  taken  to  preserve  the  silica  from  diist 
and  even  from  contact  with  the  workman's  hand.  The  complete 
absence  of  particles  of  foreign  matter  is  of  great  importance,  idnce  thej 
would  be  apt  to  cause  the  silica  to  de vitrify  during  annealing. 

The  large  mass  of  silica  thus  pr-epared  was  fonnd  to  Ije  not  quita 
homogeneous  when  the  prism  cut  from  it  wjis  examined  in  the  spectro- 
meter. Therefore,  it  was  afterwards  seeurely  sealed  up  in  a  case 
made  of  thick  platinum  foil  to  protect  it  from  dust,  and  he^ited  in  ati 
oxy-hydrogen  furnace  til!  pieces  of  platinum  wire  placed  near  it  in  the 
fumace  began  to  melt.  To  allow  time  for  the  heat  to  penetrate  the 
silica,  which  is  not  a  good  eon  due  tor »  the  procci^s  was  prolongeil  so 
that  the  silica  wsus  kept  at  a  temperature  not  far  below  the  maximiun 
for  several  hours.  It  wm  then  gradually  cooled  dov^  Ji  by  slowly 
reducing  the  flame  of  the  furnace  during  5  or  G  hours,  and  finally  left 
to  fall  to  the  ordinary  temperature  after  all  the  openings  of  the  furnace 
had  been  closed. 

As  it  did  not  seem  safe  to  assume  that  one  ])rism  of  silica  so 
prepared  would  be  identical  in  its  optical  properties  with  another, 
a  second  prism  was  constructed  in  quite  a  different  way.  This  second 
prism  was  a  compound  prism.  It  consisted  of  four  flat  prisms 
cemented  together  one  above  the  other.  This  conipoiuid  prism  had 
angles  of  approximately  60%  and  its  faces  were  56  mm.  high  by 
38  mm.  wide  (see  fig.  below).  It  was  made  from  four  slabs  of  silica 
prepared  by  Messrs.  Baird  and  Tatlock.  The  workman,  a  trust- 
worthy man,  was  told  that  each  slab  must  be  reheated  till  plastic 
throughout  after  it  was  built  up.  He  worked  without  any  supervision 
from  us,  and  the  results  show  that  a  uniform  material  may  be  obtained 
from  silica  without  any  difficulty  and  without  any  other  precautions 
than  those  which  a  careful  workman  may  be  trusted  to  take.  The 
four  slabs  of  silica  were  rough  ground  into  four  prisms,  cemented 
together,  and  a  single  prism  was  cut  from  the  mass  and  finished  by 
Mr.  Hilger. 

When  the  compound  silica  prism  was  tested  in  the  spectrometer,  we 
found  that  its  performance  generally  was  not  to  be  distinguished  from 
that  of  the  simple  prism  used  for  the  meaawxem^wX.?*  ^\^\\\w\Xi^tAble, 
•  *  ^'ature,'  ^  o\  62,  p.  20,  and  toV.  ^,  ^.  ^^. 
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although  the  prism  consisted  of  no  less  than  four  distinct  masses  of 
silica  from  four  separate  meltings. 

We  do  not  know  whether  a  similar  result  could  be  obtained  in 
the  case  of  separate  specimens  of  glass  from  different  meltings.  But 
we  think   not,  for  we  found  on  a  trial  that  a  compound  prism  of 
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♦kill 


-admm.- J 


CoxDpound  Silica  Prism,  actual  size. 

Schott's  borosilicate  flint  (No.  0364),  made  from  four  pieces  of  glass 
taken  from  different  parts  of  the  same  vielting^  gave  a  much  less 
satisfactory  spectrum  than  the  compound  prism  made  from  f(mr 
separate  meltings  of  silica.  When  the  two  prisms  were  compared  in 
the  spectrometer,  the  D  line  given  by  the  glass  prism  presented  itself 
as  a  bundle  of  six  lines,*  whilst  that  given  by  the  silica  prism  was 
normal,  the  D  line  being  sensibly  divided. 

Measurements  of  Befradive  Index. 

Measurements  of  the  refractive  indices  have  been  made  with  the 
same  goniometer,  by  the  same  method,  and  for  the  same  wave-lengths 
as  those  previously  given  in  the  case  of  fluorite,  quartz  and  calcite,t 
and  the  same  tests  have  been  applied.. 

Errors  due  to  the  Method. — No  one  of  the  angles  of  the  prisms  differed 
from  GO**  by  as  much  as  1'  of  arc,  and  the  error  is  therefore  in  the 
tenth  place  of  decimals.  | 

*  The  measurements  of  the  mean  D  line  for  the  components  of  the  gloss  prism 
were :— Nos.  1  and  4  =  1'5757374,  No.  2  =-  1-5767179,  No.  Z  «  V^l^l^i^. 
f  'JSojr.  8oc.  Proo,/  February  13,  1902. 
X  See  note  hj  Dr.  R.  T,  Glazebrook,  loc.  cit. 
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Focal  Curve. — The  curve  shown  (p.  204),  is  that  for  a  thin  doublet  of 
fiuorite  achromatised  by  vitreous  silica  (vitrified  quartz).  It  will  be 
seen  that  the  focal  length  of  the  combination  is  almost  independent  of 
the  wave-length.     A  list  of  focal  lengths  is  also  given  (Appendix  I). 

Measure  of  Error. — The  approximate  estimate  of  the  error  from 
group  deviations  before  referred  to,*  shows  that  of  the  26  final 
deviations : — 

In  6  of  them  the  error  is  less  than  0"'667, 


»»    •              »l 

„             „             1  '333, 

»>  ^          » 

2"-667, 

>»    *              » 

„           more  „    2"-667, 

„  1       only 

„  is  as  much  as  9"'514, 

the  respective  and  corresponding  variations  of  the  index  being — 

00000022 

• 

00000045 

0-0000089 

0-0000286 

As  additional  evidence  of  accuracy,  it  may  be 
mentioned  that  the  first  measurement  of  line  D 
was  made  with  the  larger  prism  in  May,  1902, 
the  index  being 1-4584772 

The  other  prism  mentioned  above,  built  up  of  four 
separate  small  prisms  of  different  meltings, 
cemented  and  ground  all  together,  was  pro- 
duced in  April,  1903,  and  gave  an  index  of  ...     1*4584830 

The  difference  of  the  two  readings  being  0  0000058 

A  similar  comparison  of  measurements  from  both  prisms  of  the 
F  line  shows  a  difference  of  0-0000103. 

The  coincidence  of  the  four  lines  given  by  the  four  small  prisms,  of 
which  the  latter  was  built  up  was  perfect,  the  definition  being  equal 
to  that  of  the  first  prism.  The  D  Lines  were  in  both  cases  seen 
distinctly  separated. 

Probable  Accuracy  of  the  Indices. — The  prisms  were  comparatively 
small  and  contained  numerous  bubbles.!  For  this  reason  the  accuracy 
of  the  indices  is  not  so  great  as  of  those  of  ordinary  quartz  already 
given.  J  But  the  indices  of  vitreous  silica  may  be  taken  as  correct 
to  the  fourth  decimal  place,  and  it  is  believed  that  in  almost  all 
cases  the  error  does  not  exceed  unity  in  the  fifth  place  and  in  many 
does  not  exceed  five  in  the  sixth. 

•  JLoc.  cit. 

t  This  defect  is  not  inherent  in  the  material  and  will  doubtle%%  be  ft\\sxiva».V^^ ^-^ 
ejperience  />  acquired. 
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InhrpolaHon.--^ln  four  C4H^es  alternative  indices  obtained  by  interpob' 
tion  have  been  given.  They  are  probably  more  correct  ior  the  wave- 
lengths taken  and  make  a  ismoother  curve. 

The  results  of  ihe  observations  are  given  in  the* following  table  of 
refractive  indices.  The  partial  and  proportional  dleper^ioni  of  fluorite 
and  vitreous  silica  are  given  in  Appendix  11. 

Refr&ctlve  Indices  of  Vitreoufi  Silica, 


WaTC'length. 

Index. 

WftT^-Iength.                  Ind^L 

7960        (Eb)  ,,, 

1 '453398 

274^  88  (Cd)  .... 

1   496131 

A' 

7682-45  (K,)  ... 

1  -4638815 

2673  -12      „ 

1  S03707 

B' 

7065-59  (H©}»  ,. 

1  -435180 

S145-86(Ag) 

1*51096 

C 

6363  01  (H.)  .,* 

I  45«il47 

,           2312-95  (Cd) 

1  *51&373 

D 

5893-17  (N>).,. 

1  -4584772 

2265-13     ,, 

A 

W07  I     (Pb) , , . 

1  -450507 

2194^4        „ 

1  fiamoid 

E 

5^r0ll  (Fe)   .., 

1  -4609945 

2144  45      ,,    t 

1  S38SgS^ 

F 

4801^49  (ih)  ■" 

1*4*33165 

2098 -S     (Zn) 

1-538547 

G' 

4310  fj^i  iH,)  .., 

I -4608500 

1^2  -0       ,, 

1  54271 

H' 

3961-08  (Al>  ... 

1  -470542 

2024*2        „    t 

1   54721 

3610-60  (Cd)  ,.. 

1-475112 

108S*1     (Al) 

1  -551990 

3302  -85  (Zn)  ,  . . 

1-480610 

li*33*&        ,,     g 

1 -5599S 

»034-2l   (Sn)   „. 

1-486881 

1852  -S       ,, 

1  5743 

1 

Tern  pent  uitj  Ret 

nMjtion  ixH^fficiei 

at  for  D  f<>r  1^  C.  -0-O0tX)O3*6.!| 

Note. — The  number  of  figures  in  each  index  indicate  the  estimated  freedom  from 
errors  of  obserration.  The  following  interpolated  indices  (see  focal  cuttcs)  are  in 
all  probability  more  correct  for  the  wave-lengths  given — 

•  1  -45516.  t  1  -53392.  J  1  '54728.  §  1  56003. 

II  Communicated  on  March  3,  1904,  in  reply  to  a  question  by  Dr.  Watson. 


In  conclusion  we  desire  to  record  the  fact  that  though  the  cost  of 
the  experiments  now  described  was  not  provided  from  the  Government 
Grant  Fund,  yet  this  work  has  sprung  from  earlier  work  which  was 
so  assisted. 
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Appendix  I. 

Table  giving  the  Focal  Lengths  in  Metres  of  a  Compound  Lens 
of  Fluorite  and  Vitreous  Silica,  achromatised  for  Wave-lengths  7950 
and  1852. 

Badii—R  =  0-38733,  S  =  020351,  R'  =  S,  S'  =  oo.     R,  S,  R',  S' 
refer  to  the  surfaces  of  the  two  lenses. 


Wave-length. 

Focal  length. 

i!     Wave-lengfch. 

Focal  length. 

7950 

1-00000 

'1 

'i            2749 

0-99250 

7682    A' 

1  00010 

1             2673 

0-99143 

7066    B' 

1-00043 

2446 

0-99054 

6563    C 

1-00070 

2313 

0  99065 

5898    D 

1-00086 

1             2265 

0-99078 

6607 

1-00069 

,            2194 

0-99120 

5270    E 

1-00017 

,             2144 

0  -99151 

4861     F 

0-99983 

2099   • 

0-99174 

4341     G' 

0-99874 

2062 

0  -99205 

3962    H' 

0  -99743 

'             2024 

0-99258 

3611 

0-99653 

1             1988 

0  -99360 

3«03 

0-99658 

,             1933 

0-99490 

3034 

0-99409 

1852 

1-00000 

20« 
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1904.]        Atiiiosp]tti'inil]l<nliO'(irtiriti/in  Jlujli  Lxlitah.^.  1'01> 

'*  Atmospherical  Eadio-activity  in  High  Latitudes."  By  George 
C.  SiBfPSON,  B.Sc,  1851  Exhibition  Scholar,  Owens  College, 
Manchester.  Communicajted  by  Arthur  Schuster,  F.RS. 
Received  February  3, — Read  February  18th.  1904. 

In  1901  Elster  and  Geitel  first  showed  that  a  wire  stretched  out  in  the 
open  air  and  charged  to  a  high  negative  potential  becomes  radio-active  ; 
this  observation  has  since  been  repeated  by  others,  and  the  discoverers 
themselves  have  undertaken  a  series  of  daily  measurements  extending 
from  December,  1901  to  December,  1902.  As  the  geographical  distri- 
bution of  the  atmospheric  radio-activity  is  at  present  entirely  unknown, 
the  observations  which  I  have  been  able  to  make  here  in  Karasjoh 
(Norway,  69"  20'  N.,  25'  30'  E.),  by  the  courtesy  of  the  Commissioners 
for  the  1851  Exhibition  Scholarship,  must  be  of  considerable  interest. 

In  my  measurements  I  have  used  the  method  described  by  Elster 
and  Geitel  in  the  *  Physikalische  Zeitschrift.'*  A  wire  was  stretched 
between  an  insulator  in  the  open  and  another  in  my  living  room,  the 
part  exposed  to  the  open  air,  1 0  metres  long,  could  be  detached  from 
the  rest.  The  wire  was  charged  to  a  negative  potential  by  means  of  a 
small  influence  machine,  built  on  the  principle  of  a  Kelvin  replenisher 
and  driven  by  a  weight ;  by  means  of  a  variable  high  resistance,  con- 
sisting of  a  strip  of  ebonite,  one  side  of  which  had  been  rubbed  with  a 
black-lead  pencil  and  so  mounted  in  a  tube  that  an  earth-connected 
pad  could  move  along  it,  the  potential  of  the  wire  could  be  very  easily 
regulated.  In  all  my  observations  the  potential  was  maintained  at 
about  2250  volts,  never  rising  above  2500  and  never  falling  below 
2000.  The  wire  after  being  charged  for  2  hours  was  removed  to  have 
its  radio-activity  determined ;  this  was  done  by  wrapping  it  round  a 
cylinder  of  wire  netting  which  fits  inside  the  "  protection  cylinder  "  of 
an  Elster  and  Geitel  dissipation  electrometer,  which  for  this  special 
purpose  is  closed  at  the  bottom  as  well  as  the  top ;  the  rate  at  which 
the  electrometer  is  discharged  gives  a  measure  of  the  induced  radio- 
activity. Elster  and  Geitel  have  chosen  the  following  as  the  arbitrary 
unit  of  the  induced  radio-activity.  "  The  activity  of  the  air  is  put 
equal  to  1  when,  after  a  2  hours'  exposure,  a  metre  of  the  wire  reduces 
the  potential  of  the  dissipation  cylinder  by  1  volt  in  1  hour."  The 
radio-activity  when  expressed  in  this  unit  is  denoted  by  A  in  the 
accompanying  tables. 

The  mean  value  of  the  radio-activity  at  Wolfenbiittel  in  raid- 
Germany,  as  determined  by  Elster  and  Geitel  during  the  year  1902,  was 
18'6,  the  individual  values  varying  between  64  and  4.  A  complete 
discussion  of  the  effect  of  the  different  meteorological  elements  is  given 
in  the  original  paper,  t 

•  Vol  3,  p.  305, 1002. 
f  ' PhvBthnUBche  ZcitBiihrxit;  yol.  4,  p.  ^26,  UO^. 
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Mr.  Ct.  C.  Simpeon, 


[Feb.  3, 


The    firat  few  measurements    whieh  I   made  having    shown   thst 

the  radio-act i^'ity  is  very  much  greater  than  in  lower  latitudes,  I 
determined  to  make  a  thorough  investigation  of  it.  On  November  33, 
I  started  a  aeriea  of  measurements  of  the  radio-a<?tivity,  Uiking  three 
observations  a  day ;  the  first  in  the  morning  fjetween  the  hours  of 
9  and  1 2,  the  second  in  the  afternoon  between  3  and  6,  and  the  third 
in  the  evening  between  9  and  11;  the  series  oon tinned  uninterrupted 
for  4  weeka.  The  resell ts  arc  given  in  full  in  Table  I,  when  the  foD ow- 
ing symbols  are  used  : 

B  =  height  of  l>arometer  in  centimetres. 

T   —  temperature  in  Centigrade  degrees. 

W  =  estimated  velocity  of  wincl,  the  direction  being  added. 

P    =  potential  gradient  measured  in  volts  per  metre. 

It  will  at  once  be  seen  that  the  numbers  are  very  much  higher 
than  the  corresponding  ones  for  Germany ,  the  mean  for  the  month 
being  102,  Mhich  is  nearly  six  times  as  great  as  the  German  me;m 
(for  the  year) ;  and  the  highest  value,  432,  being  nearly  seven  times 
greater  than  the  German  highest.  To  turn  now  to  a  closer  investi- 
gation of  the  numbers,  Table  II  shows  that  there  is  a  marked  daily 
period. 


Table  II. — Mean  and  Maximum  Values  of  A  for  each  Week. 


Nov.  23  to  Nov.  28  . . 
Nov.  30  to  Dee.  5  . . . 
Dec.  7  to  Dec.  12  . .  . 
Dec.  13  to  Dec.  19  . . 

Morning 

Afternoon 
A. 

Evening 

Mean 
of 

Mean. 

Max. 

Mean. 

Max. 

Mean. 

Max. 

three. 

62 

71 

106 

110 

114 
144 
168 
204 

86 
69 
68 
131 

150 

120 

90 

384 

146 

82 

129 

166 

294 
228 
198 
432 

98 

74 

101 

136 

Mean  for  month  .  . . 

87 

88 

131 

102 

The  maximum  falls  in  the  evening,  there  being  little  difference 
between  the  morning  and  afternoon  means.  Not  only  is  the  mean 
value  greatest  for  the  evening,  but  the  absolute  maximum  falls  in  the 
evening  each  week,  and  on  13  out  of  22  days  on  which  three  observations 
were  taken  the  evening  values  were  the  greatest. 

It  would  be  of  interest  to  find  the  relation,  if  any,  between  the 
radio-activity  and  the  other  electrical  conditions  of  the  atmosphere; 
hut  my  observations  of  the  dissipation  and  \>\e  \TO\\\a^Vvciw  <A  \Xv^  air 
•'ot  sufficiently  complete  for  a  rigid  comi^a.T\?.ow,  ^xvd  ^ci  \3K»&\.\sfe 
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left  for  future  investigation.  Table  III  gives  the  relation  between  the 
radio-activity  and  potential  gradient.  The  mean  potential  gradient  for 
the  period  of  each  exposure  having  been  taken  with  a  self-registering 
electrometer,  the  values  of  the  radio-activity  for  each  interval  of 
50  volte  meter  have  been  put  together  and  the  mean  taken. 

Table  III. — Radio-activity  and  Potential  Gradient,  measured  in  Volts 

per  Metre. 


Negatiye 
pol.  grad. 

1                     , 
0—50.        50—100.     100—150. 

150-200. 

No.  of  observations . 
A  vinoftii  

6 
88 

66 

3 
160 

168 

13        i         17 
96         !      140 
198        1       432 

1 

8 
160 

384 

• 

A  maximum 

No.  of  obserratioDfl. 

A  mean 

A  maximum 

200—260.  \  250—300.    300—350.    350—400. 1  400—450. 

4 
96 

144 

6 
84 

144 

8        1          2 

61         1       HI 

138         1       150 

8 
88 

150 

As  can  be  seen,  there  is  no  direct  relation  between  the  radio-activity 
and  the  potential  gradient. 

To  come  now  to  the  effect  of  the  meteorological  elements.  Table  IV 
shows  that  temperature  and  radio-activity  are  not  closely  related. 

Table  IV. — Radio-activity  and  Temperature. 


Temperature  °C. 


-40°  to        -30Mo 
-30°      ;       -20°. 


-20°  to 
-10°. 


-lO^toO^   O°tol0'. 


No.  of  observations .  i         12 

A  mean   |       127 

A  maximum |       294 


10 
166 

432 


17 
80 

204 


25 
82 

174 


8 
110 

198 


Nor  does  the  barometric  pressure  appear  to  have  any  great  influence, 
Table  V. — Radio-activity  and  Barometer. 
720—730.        730—740. 


Barometer  . 


1     No.  of  observations  . . 

!     A  maximum 

1     A,  mean 


y 


10 

06 

180 


18 
109 
291 


740—750.    ,    750—760. 

i 


23 

1 

\ 

20 

05 

VSl 

2J04 

\ 

^a*i 
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The  only  meteorological  element  which  appeart  to  have  a  direct 
intfuence  on  the  atmospherical  radio-activity  is  tha  amount  of  cloud. 
To  show  this  I  have  divided  the  obeervations  into  three  chis^es :  1st 
Sky  clear,  or  nearly  so ;  2nd  Detached  clouds ;  3rd  Sky  completely 
overcast,  and  t^iken  the  mean  for  each  class.  The  results  are  given  in 
Table  yi. 

Table  VI. ^ — ^Rarlio-activity  and  Clouds, 


Clouds. 

Clear  »kT.                l>et»cjied               Complet*lj 

No*  of  ubaervntioEUi , » - 
A.  me&o  - 

18 
180 
43S 

20        !        n 

107                           W 
Se4                          193 

A    mi^TTimilTll.  t    ------  - 

There  does  not  appear  to  he  any  elose  connection  between  the 
aurora  and  the  radio-activity,  the  greatest  value  of  the  radio-activity 
having  been  obtained  when  no  aurora  was  visible. 

During  the  whole  time  these  observations  were  being  Uiken  the  sun 
did  not  rise  above  the  horizon.  The  time  used  was  mid-European, 
local  mean  time  being  42  minutes  ahead. 

The  place  of  observation  is  140  metres  above  sea-level.  The  ground 
for  a  hundred  miles  round  is  hard  frozen  to  a  great  depth  and  covered 
with  a  coating  of  snow  the  average  depth  of  which  is  over  2  feet. 
Sudden  changes  in  radio-activity  are  sometimes  observed  to  take  place, 
as,  for  example,  on  December  17,  when  with  a  rising  barometer  the 
activity  rose  for  a  few  hours  from  the  low  value  of  66  to  the 
exceptionally  high  one  of  384.  There  is  some  difficulty  in  reconciling 
these  observations  with  Elstcr  and  Geiters  view  that  the  activity  is 
entirely  due  to  a  diffusion  of  a  radio-active  emanation  from  the  soil. 
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"^  On  the  High  Temperature  Standards  of  the  National  Physical 
Laboratory:  an  Account  of  a  Comparison  of  Platinum 
Thermometers  and  Thermo-junctions  with  the  (Jas  Thermo- 
meter." By  J.  A.  Harkkr,  D.Sc,  Fellow  of  Owens  College, 
Manchester,  Assistant  at  the  National  Physical  Laboratory. 
Communicated  by  R  T.  Glazebrook,  F.RS.  Received 
January  20,— Read  February  11,  1904. 

(From  the  National  Physical  Laboratory.) 
(Abstract.) 

This  paper  contains  an  account  of  a  continuation  of  the  work  of 
Dr.  P.  Oiappuis  and  the  author,*  on  a  comparison  of  the  scale  of  the 
gas  thermometer  with  that  of  certain  specially-constructed  platinum 
thermometers,  from  temperatures  below  zero  up  to  the  boiling  point  of 
sulphur,  and  in  one  case  to  a  point  close  to  600"  C. 

The  results  of  this  work  substantially  confirm  the  experiments  of , 
CaUendar  and  Griffiths,  and  show  that  the  indications  of  the  platinum 
thermometer  may  be  reduced  to  the   normal   scale    by   the  aid   of 
Callendar's  difference  formula : 


^-^-^-[©■-» 


where  pt  is  the  platinum  temperature,  T  the  temperature  on  the  normal 
scale,  and  8  a  constant  which,  for  pure  platiniun,  does  not  differ  much 
from  the  value  1*5. 

The  temperatures  chosen  for  the  determination  of  5  are  0"  C,  TOO'  C, 
and  the  boihng  point  of  sulphur. 

In  the  present  paper  the  work  is  extended  to  a  temperature  of 
lOOO"*  C.  Moreover,  a  number  of  standard  thermo-junctions  of 
platinum — platinum-rhodium  were  included  in  the  comparisons. 

The  gas-thermometer  employed  for  this  work  was  presented  to  the 
laboratory  by  Sir  Andrew  Noble ;  it  was  obtained,  along  with 
materials  for  the  electric  furnaces  and  thermo-junctions,  through  the 
kindness  of  Dr.  Holborn,  of  the  Reichsanstalt.  The  bulbs  used  were 
of  porcelain,  glazed  inside  and  out,  and  the  gas  used  was  pure  dry 
nitrogen.  The  thermo-junctions,  which  were  carefully  compared  by 
Dr.  Holborn  with  the  standards  of  the  Reichsanstalt,  at  a  number  of 
fixed  points  up  to  960"*  C,  were  again  tested  and  compared  together 
before  use,  with  concordant  results.  A  special  potentiometer  designed 
and  made  in  the  laboratory  enabled  the  thermo- junction  readings  to  be 
taken  with  great  accuracy. 

•  'PhiJ.  Trans.,'  A,  1900. 
VOL.  LXXUI.  ^ 
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The  platinum  thermometen  employed  were  one  of  the  three  med 
by  Harker  and  Ghappuis  in  their  earlier  work,  and  a  new.  one  oon- 
stmcted  in  the  laboratory  as  one  of  a  number  belonging  to  the  BritHli 
Aasodation.  The  diflbrent  instrumente,  after  determination  of  AA 
oonstantfl,  were  tested  together  in  speoiallyoonstruoted  eleetrie  reairtanoe 
fumacee,  heated  from  a  spedal  battery,  in  which  temperatores  from 
400 — 1100*  C.  could  be  yery  steadily  maintained  for  considerable 
periods.  Special  winding  enabled  a  compensation  to  be  made  for  the 
greater  cooling  effect  at  the  ends  of  the  furnaces,  so  that  over  s 
c<msiderable  length  the  temperature  was  exceedingly  uniform. 

The  following  table  gives  the  results  of  one  series  of  conqMrisoiu, 
and  indicates  the  agreement  obtained : — 


Second  Series  of  Comparisons.    Compensated  Furnace. 
Oas  Thermometer,  Platinum  Thermometer  BA«,  Thermo-junotion  NFLf. 


Tempentare 

No.  of 
experi- 

G-Pt. 

G-TK 

P-Th. 

;           1 

meDt. 

Gm  ther. 
mometor. 

1 

.'  Junction.  1 

i 

Pt.  ther- 
mometer. 

6 

628  1 

■"i        '      1 

524  -8 

524-89 

-1-3 

-1-2 

-rOl 

10 

668-5 

569  '5     , 

569-85 

-0-9 

-1-0 

-0-2 

8 

698-6 

597-8     ' 

597-62 

+  0-9 

+  0-7 

-0-2 

1 

699-4 

599-0    1 

598-80 

+  0-6 

+  0-4 

-0-2 

8 

641  1 

641-1     1 

641-76 

+  0-6 

+  0-0 

-0-6 

4 

682-4 

683-0 

682  -6i 

-0  1 

-0-6 

-0-5 

2 

776-7 

1      775-6     1 

775  13 

+  1-6 

+  1-2 

-0-4 

0 

820  0 

818  -4 

818  -31 

+  1-7 

+  1-6 

-0-1 

11 

881-4 

882  -2 

831-86 

-0-5 

-0-8 

-0-3 

12 

866-7 

1      868-4 

868  -28 

-1-6 

-1-7 

-0  1 

6 

875  0 

876-4 

875-24 

-0-2 

-0-4 

-0-2 

7 

959-8 

1      966-0 

955  -47 

+  4-3 

+  3-8 

-0-5 

13 

1005-0 

'     1004-4 

1004  -37 

+  0-6 

+  0-6 

-0  0 

Thus  the  investigation  shows  that : 

1.  The  readings  of  the  platinum  thermometers  BAo  and  Ko,  which 
may  be  taken  as  representative  instruments,  when  reduced  to  the  air 
scale  by  the  use  of  Callendar's  difference  formula  are,  up  to  a 
temperature  of  lOOO"*  C,  in  reasonably  close  agreement  with  the 
results  obtained  from  the  constant  volume  nitrogen  thermometer, 
employing  chemical  nitrogen,  and  using  the  received  value  for  the 
dilatation  of  the  Berlin  porcelain,  of  which  the  bulb  is  made. 

2.  The  above  platinum  thermometers  agree  very  closely  with  a  set 
or  thermo-junctions  representing  the  temperature  scale  of  the  Reichsan- 

HHI^  Aud  based  on  measurements  with  a  gas  thermometer  having  a 
7f  platiDum-iridinm.  • 
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As  the  results  of  these  experiments  seem  to  justify  very  completely 
the  use  of  Callendar's  parabolic  formula  over  a  wide  range,  a  table  has 
been  calculated  by  which  the  value  of  T  may  be  obtained  directly 
from  the  value  of  Tt  for  a  range  of  temperature  extending  from 
-  200  to  + 1100'  C,  and  for  the  value  15  of  the  constant  8. 

A  second  short  table  extends  this  to  all  values  of  8  usually  met  with. 
It  is  hoped  that  this  table  may  be  of  general  use  to  others  who  are 
emplojring  platinum  thermometers. 

The  experiments  were  carried  out  at  the  National  Physical  Laboratory, 
and,  in  conclusion,  I  wish  to  thank  those  members  of  the  staff  who  have 
assisted  in  it. 


"The  Spectra  of  Antarian  Stars  in  Kelation  to  the  Fluted 
Spectrum  of  Titanium."  By  A.  Fowler,  A.RC.S.,  F.E.A.S., 
Assistant  Professor  of  Physics  at  the  Royal  College  of 
Science,  South  Kensington.  Communicated  by  Professor 
H.   L.    Callbndar,  F.R.S.      Received  February  18, — Read 

March  3,  1904. 

[Plate  6.] 

The  distinguishing  feature  of  the  spectra  of  the  Antarian  Stars*  is 
the  system  of  apparently  dark  flutings,  sharp  towards  the  violet  and 
fading  off  towards  the  red  end  of  the  spectrum.  The  principal  flutings 
are  well  seen  in  Antares,  but  they  are  more  strongly  developed  in 
the  spectra  of  a  Herculis  and  o  Ceti,  in  which  stars  additional  details 
are  also  seen.  These  flutings  have  not  hitherto  received  a  definite 
chemical  interpretation,  and  it  has  been  uncertain,  owing  to  the 
possibly  misleading  effects  of  contrast,  whether  the  spectrum  was  to 
be  regarded  as  one  consisting  wholly  of  absorption  flutings  fading 
towards  the  red,  or  as  one  partly  consisting  of  emission  flutings  fading 
in  the  opposite  direction. 

The  purpose  of  the  present  communication  is  to  state  the  nature  of 
the  evidence  which  indicates  that  the  spectrum  is  essentially  an 
absorption  spectrum,  and  that  the  chief  substance  concerned  in  the 
production  of  the  flutings  is  titanium,  or  possibly  a  compound  of  that 
element  with  oxygen. 

The  first  indication  of  this  result  was  the  striking  general  resem- 
blance of  the  titanium  flutings,  as  seen  in  photographs  recently 
obtained,  with  the  stellar  flutings,  both  as  to  relative  intensity  and 
apparent  position  (Plate  6).  The  interspaces  between  the  flutings, 
as  they  appear  on  a  negative,  in  some  cases  also  strongly  recall  the 
corresponding  bright  spaces  in  the  stellar  spectra. 

*  Secchi's  Trpc  111 ;  VogeVa  C\a»i  Ula. 

^   1 
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The  mogt  e^tenfiiire  series  of  viatial  obeervatioiis  of  the  AntariJin 
stars  were  made  by  Vogel*  and  Dun^rt  many  years  ago,  and  for  the 
part  of  the  spectrum  eirteriding  from  near  D  to  the  extreme  red,  no 
other  measurementa  have  yet  been  published.  For  the  region  more 
refrangible  than  D,  however,  wave-lengths  derived  from  photogr^^phs 
are  available,  the  most  complete  statements  of  these  being  due  to 
Father  Sidgreavea|  and  Mr,  Stebbings,§  The  individiml  results  giren 
by  different  observers  vary  considerably :  visual  observ-ations  are 
difficulty  and,  in  the  case  of  photographs  taken  with  prismatic  cameras, 
errors  doubtless  arise  through  the  lack  of  suitable  reference  hikm* 
There  is  also  some  dJMculty  in  deciding  where  a  fluting  actually 
commences.  The  evidence  in  favour  of  a  titanium  origin  for  moat  of 
the  flutings,  however,  depends  on  such  a  large  number  of  coincidences 
that  it  is  almost  independent  of  a  very  precise  knowledge  of  wave* 
lengths. 

The  flutings  in  question  come  out  in  the  arc  spectrum  of  titaniimi 
oxide^  if  the  precaution  be  taken  to  provide  a  liberal  supply  of 
material  and  to  use  a  very  long  arc,  takbig  care  also  that  the  image 
of  the  "  flame '^  is  projected  on  the  slit  of  the  spectroscope,  Tbey  are 
also  seen  in  the  are  spectrum  of  the  chloride  under  similar  conditioin?. 
I^umerous  lincjs  accompany  the  flutings  produced  in  this  manner  And 
some  of  the  details  arc  consequently  masked  nr  not  recognized  without 
careful  study  of  the  photographs, 

80  far  the  flutings  have  not  been  very  successfully  produced  in  the 
oxy hydrogen  flame ;  they  are  visible  in  the  flame  spectrum  of  the 
fumes  from  the  chloride,  but  their  observation  is  difficult  on  account 
of  the  bright  continuous  spectrum. 

The  best  representation  of  the  Hu tings  has  been  obtained  by  passing 
a  spark,  without  jar,  through  the  fumes  of  oxychloride  which  rise  from 
the  chloride  of  titanium  on  exposure  to  air.  Under  these  circumstances 
the  lines  which  appear  are  not  numerous,  and  some  of  the  secoudarr 
flutings  which  are  masked  by  line^  in  the  spectrum  of  the  flame  of  the 
arc  are  readily  detected,  in  spite  of  the  continuous  spectrum  which 
is  also  present.  The  few  lines  which  do  appear  in  this  spectrum  an? 
probably  low  temperature  lines  which  may  be  foiuid  of  special  import- 
ance in  the  cooler  stars. 

Photographs  have  been  taken  over  the  region  C  to  K,  the  instnmieni 
employed  being  one  built  up  on  the  Lit  trow  principle,  having  one 
prism  of  60", ||  and  a  2-inch  objective  of  40  inches  focal  length,  giving 
a  linear  dispersion  from   D  to  K  of  5  inches.      Wavelengths  were 

•  *  BeobachtuDgen  zu  Bothkamp,*  toI.  1,  p.  20,  etc. 

t  *  Sur  lea  Etoiles  k  Spectres  de  la  Troisi^me  Cla«se*;  "  K.  Syen.  Vet.-Akad. 
Hand.r  rol.  21,  No.  2,  1884. 
t  'Monthly  Notices,  E.A.S./  vol.  58,  p.  344  •,  vo\.  ^^,  ^.  ^«a. 
/  'Lick  Observatory  Circular/  ^o.  41,"M.ay,\Wi^. 
//  Z,ent  bjr  the  Ooyernment  Grant  CommiUee. 
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determined  in  the  ufinal  manner  by  micrometric  measurements  of  the 
photographs,  using  reference  lines  of  titanium  and  iron,  and  calculating 
•  by  the  Comu-Hartmann  formula ;   though  only  provisional,  they  are 
probably  not  greatly  in  error. 

It  18  instructive  first  to  make  a  comparison  between  the  more  con- 
spicuous flutings  and  those  recorded  visually  in  the  stars  by  Yogel 
and  Dun^r.  Details  of  the  measurements  are  given  in  Table  I,  but 
reference  should  also  be  made  to  Plate  6,  in  which  Dun^r's  drawing 
of  the  spectrum  of  a  Herculis,  as  seen  with  a  spectroscope  of  small 
dispersion,  is  compared  with  a  negative  of  the  titanium  flutings,  as 
they  appear  in  the  "  arc  "  spectrum  of  titanium  02dde. 

Table  I. — Comparison  of  Titanium  Flutings  with  Visual  Observations 
of  the  Spectra  of  Antarian  Stars. 


1 

Titenium 

flutings. 

'         VUual 
intensity. 

Antarian  flutii 
Ware-length.* 

Qg8  (more  refrangible        i 
edge). 

WaTe4eDgth. 

Dun^r*8  number. 

1 

7055 

10 

6493 

Out  of  range.        1 

1 

6162*5 

iu 

6164 

2 

.. 

5862 

3                 ! 

5604-5 

8 

5596 

4                  1 

54470 

10 

5453 

5             ; 

52410 

5 

5243 

1 

^         i 

5167-5 

10 

5169 

1 

7 

49551 

8 

4960 

1 

8 

4761-6 

7 

4769 

1 

9                 ! 

1                 4584-3 

5 

4608 

i 

10               i 

It  will  be  seen  be  seen  that  eight  of  the  ten  bands  recorded  by 
Vogel  and  Dun^r  agree  within  the  possible  limits  of  error  with  the 
flutings  of  titanium,  and  it  is  to  be  noted  also  that  the  only  one  of  the 
principal  titanium  flutings  which  is  not  represented  in  the  stellar 
spectrum  is  out  of  range  in  the  extreme  red.  The  origin  of  the  two 
outstanding  bands  at  5862  and  6493  has  not  yet  been  ascertained. 
There  are  traces  of  titanium  flutings  near  their  positions,  but  they 
seem  inadequate  to  account  for  two  such  distinct  bands  as  those  drawn 

•  The  wave-lengths  given  are  the  means  of  Vogel's  and  Duner*8  measurements, 
corrected  to  Rowland's  scale  (Scheiner's  *  Astronomical  Spectroscopy/  p.  301). 
For  bands  5,  7,  8,  9, 10,  the  means  of  the  waye-lengths  dem^d  ttwa  '^\iQ\A^gns^'«k 
hj  Laokj^er,  Fiokering,  Sidgreayea  and  Stebbings  at©  tespectV^ftYj  ^>V»,^\^,^a^'ik 
4TeJ,  and  4684  (see  Table  II). 
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by  Dun^r.  The  aseociatiou  of  vamKlium  with  tiUiuium  in  the  spectra 
of  aim  spots  suggested  that  they  miglit  be  due  to  the  former  element, 
but  this  does  not  appear  to  ht  the  caae.  The  strongest  fluting  ol 
yanadium  is  near  5472,  and  there  \b  no  certain  evidence  to  show  the 
preience  of  this  fluting  in  the  Aniarian  type  of  spectnim. 

The  evidence  for  titanium  in  the  case  of  the  renminiJig  flutingi, 
however,  is  enormously  strengthened  by  a  dbcuBsion  of  their  structure 
and  by  extending  the  comparison  further  into  the  violet.  Photograph.^ 
of  the  stellar  spectra «  especially  those  of  o  Cetl  and  a  Herculis^  shoi^ 
that  some  of  the  principal  flutings  are  composite^  Doner's  band  10,  for 
example,  containing,  according  to  Sidgreaves^  four  distinct  flutings 
separated  l*}"^  intervals  of  al>out  44  tetith-metTes,  each  of  wbicb  \a 
weaker  than  the  one  which  precedes  it  on  the  more  refrangible  side. 
A  precisely  s^imilar  structure  is  found  in  the  case  of  the  titaniiini 
flutings,  and  a  comparison  of  wave-lengths  indicates  that  the  variottt 
components  occupy  the  same  positions  as  those  tn  the  stars,  so  far  a^ 
the  available  meaaurementa  permit  the  test  to  be  applied.  For  this 
comparison  (Table  II)  the  wave-lengths  derived  from  photogt*aphs  bj 
Fatlier  Sidgreaves  and  Mr.  Stel)bing8  are  utilised.  The  relation  maj 
also  be  gathered  by  Inspection  of  the  reproductions  of  the  photographs 
given  in  Plate  6,  that  of  o  Ceti  having  been  very  kindly  placed  at  my 
disposal  by  Father  Sidgreaves.  Not  all  the  details  of  the  negatives, 
however,  c*uii  be  brought  out  in  the  reproductions,  and  the  relative 
dispersions  are  not  exactly  the  same. 

It  will  be  seen  from  the  Uible  that  the  details  of  the  titanium  flu  tings 
are  reproduced  with  remarkable  fidelity  in  the  stellar  spectra,  and  more 
especially  in  o  Ceti.  In  the  litter  spectnira  the  numlxer  of  fluting* 
recorded  is  fslightly  greater  than  in  the  case  of  titanium,  but  it  is  by  no 
means  cert^iin  that  every  detail  of  the  titanium  spectrum  has  yet  lieen 
photographed.  It  is  possible  also  that  sonse  of  the  features  describeii 
as  flutings  in  the  stellar  spectrimi  may  l>e  groups  of  lines,  and 
in  at  least  one  instance  (4437)  a  fluting  has  1>een  classed  as  a  "wide 
line." 

The  points  of  difference  are  veiy  slight,  and  arc  mostly  in  the  less  re- 
frangible pan  of  the  spectrum,  where  the  reductions  of  the  stellar  spectra 
present  the  greatest  difficulty.  There  is  »  peculiar  displacement  of  the 
fluting  4848  to  A,  4842  in  the  spectrum  of 'o  Ceti,  which  may  po&sibly 
be  due  to  the  superposition  of  a  fluting  or  group  of  lines  of  undeter 
mined  origin  ;  or,  it  may  be  that  the  feel^le  maximiun  olieerved  at 
4842  in  titiuiium  is  strong  enough  in  this  spectrum  to  account  for  the 
apparent  shift.  There  is  also  some  uncertainty  in  connection  with  the 
complicated  groups  of  flutings  and  lines  extending  from  5598  to  D, 
which  need  further  investigation  in  the  stellar  spectra  with  instruments 
of  greater  dispersion. 
The  general  agreement  is  neverthe\ess  s\\^\i  vv^j  X,o  V^^n^  w^  ^c^»&wv- 
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ible  doubt  that  titanium  is  the  main  factor  in  the  production  of  the 
lark  flutings  which  characterise  the  Antarian  group  of  stars. 

This  explanation  of  the  dark  flutings  suggests  that  the  appearance 
d  bright  flutings  in  the  Antarian  spectrum  arises  chiefly  from  effects 
»f  contrast.  It  does  not,  of  course,  exclude  the  possibility  of  the 
)re8ence  of  bright  flutings,  such  as  might  be  indicated  by  local 
frightenings  which  are  not  exactly  in  coincidence  with  the  edges  of 
lark  flutings. 

Whether  the  absorption  flutings  are  produced  by  the  vapour  of 
Itanium  or  by  that  of  the  oxide  has  not  yet  been  completely 
letermined.  As  already  pointed  out,  the  flutings  may  be  obtained 
dther  from  the  oxide  or  the  chloride,  but  as  the  latter  so  readily 
mites  with  oxygen  on  exposure  to  air,  it  furnishes  no  evidence  against 
he  supposition  that  the  flutings  are  due  to  the  oxide. 

The  author  has  pleasure  in  acknowledging  the  very  able  assistance 
irhich  has  been  rendered  in  the  experimental  work  involved  in  this 
nvestigation  by  Mr.  F.  W.  Jordan,  B.Sc,  Teacher  in  Training  in  the 
>epartment  of  Astronomical  Physics,  Royal  College  of  Science. 


DESCRIPTION   OF  PLATE  6. 

YUible  spectrum  of  a  Herculis,  as  drawn  by  Dun^r. 

Flutings  of  titanium,  as  tliej  appear  in  the  spectrum  of  the  "  flame  of  the  arc,*' 

whioi  charged  with  titanium  oxide. 
Photographic  spectrum  of  o  Ceti,  from  a  photograph  taken  at  the  Stonyhurst 

College  Obserratory,  November  29, 1897. 
Flutings  of  titanium,  as  they  appear  when  a  spark,  without  jar,  is  passed  through 

the  fumes  which  rise  from  titanium  chloride  on  exposure  to  air. 

(ifo/e.— The  coincidences  cannot  be  rery  exactly  shown  in  this  manner,  on 
account  of  the  differences  of  dispersion  of  the  three  instruments  with  which 
the  spectra  were  recorded.) 
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"Tlie  Specific  Heats  of  Metals  aud  thii  Eektion  of  Specific* 
Heat  to  Atomic  Weight— Pail  lli;'  By  W,  A.  TtLDKS. 
D.Sc,,  F.FLS.,  Professor  of  Chemistry  in  the  Eoyal  College  ol 
Science,  London.    Eeceived  March  9^ — Eead  March  17.  1904, 

(Ahstract) 

The  object  of  the  experimente,  of  which  an  account  is  given  in  tlui 
paper^  was  to  determine  whether  the  atomic  heata  of  the  elem^ftit^ 
entering  into  combination  are  preserv^ed  in  the  coropoiind  at  all 
tempera  tinges,  previous  reauJts  obtained  by  the  author  and  other? 
having  shown  that  the  specific  he;*ts  of  metaU  of  email  atomic  weight, 
such  as  aluminium  J  increase  very  rapidly  mth  riae  of  temperature. 

Ab  it  is  not  possible  to  determine  the  specific  heat  of  sulphur 
throughout  a  long  range  of  temperature,  telluriimi  was  chosen  for 
experiment.  Compounds  of  tin,  silver  and  nickel  with  tellurium  were 
prepared^  and  two  alloys  of  silver  and  aluminium.  The  average 
specific  beats  of  all  these  elements,  except  tin,  were  determined  over  ' 
various  intervals  from  the  lioiling  point  of  liquid  oxygen  to  ne^rlj 
oOO""  C.  in  the  case  of  the  less  fussible  elementa,  a  range  of  ahom 
680'  C.  From  these  mean  specific  hejits  the  true  specific  heatj?  ai 
intervals  of  100  Centigrade  degrees  absolute  temperature  were  calen- 
lated,  and  from  the  specific  heats  the  atomic  heats  were  deduced.  The 
mean  specific  hejits  of  the  eompoimds,  formed  by  their  union,  were 
also  det-enuinedj  and  from  these  clata  the  moelcular  heats  of  the 
compounds  lalculat^.  On  comptiring  the  sum  of  the  atomic  heat^^  of 
the  elements  present  with  the  molecular  heat  of  the  compound  at  the 
successive  temperatures,  it  was  found  that  there  is  throughoiit  a  close 
concordance.  The  order  of  diflerence  may  be  shown  by  one  example- 
Nickel  Telluride,  NiTe. 

Temperature,  Sum  of  atomic  heat             Molecular  lieat  of 

absolute.  of  Ni  and  Te.  NiTe. 

100° 9-20  8-38 

200=^ '  11-08  11-35 

300^ 12-22  12-41 

400^ 13-00  12-92 

500^ 13-49  1315 

600  13-85  13-28 

700^ 14-11  13-35 

The  results   of   these   experiments   show   that   Neumann's   law  is 
approximately  trUe,  not  only  at  tempeiatxice^  Itotg.  ^"^  X^YQ^"  Cbut  at 
aJJ  temperatures.     They  thus  support  lYie  ^e^  X^^'^  ^^  ^V^-nSi^V^x  ^K 
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a  solid  18  determined  by  the  nature  of  the  atoms  composing  the 
physical  molecules,  and  is  not  a  measure  of  the  thermal  work  done  in 
expansion. 

The  paper  concludes  with  a  discussion  of  the  relations  of  specific 
heat  to  atomic  weight  in  the  solid,  liquid  and  gaseous  states. 
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1.  Historical  Review, 

In  my  first  Bakerian  Lecture  in  1873  I  dealt  with  the  question  of 
the  spectra  of  stars,  and  pointed  out  that  the  facts  accumulated  up  to 
that  time  by  Rutherford  and  others  led  to  the  view  that  in  the- 
reversing  layers  of  the  sun  and  stars  various  degrees  of  dissociation  are 
at  work. 

I  also  suggested  that  the  stellar  evidence  indicated  that  one  of  the 
results  of  dissociation  temperatures  could  be  to  "  prevent  the  coming 
together  of  atoms  which  at  the  temperature  of  the  earth,  and  at  all 
artificial  temperatures  yet  obtained  here,  compose  the  metals,  the 
metalloids,  and  compounds."* 

In  a  subsequent  communication  to  the  Paris  Academy  I  wrote,t 
''  II  semble  que  plus  uiie  ^toile  est  chaude  plus  son  spectre  est  simple, 
et  que  les  ^l^ments  m^talliques  se  font  voir  dans  I'ordre  de  leurs  poida 
atomiques." 

This  last  generalisation  rested  upon  the  great  preponderance  of 
hydrogen  in  certain  stars,  which  I  classed  as  hottest  on  the  ground  that 
the  blue  end  of  the  spectrum  was  open.     Of  the  spectrum  of  helium^ 

•  'Phil  Trans./  vol.  164,  p.  479. 
f  *  Comptea  Bendus,'  vol.  77, 1873,  p.  V^h'l . 
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which  I  had  first  oljaerved  and  named  in  I860,  we  then  knew  h 
nothing  either  on  the  earth  or  in  the  stars  ;  the  sobr  line  "D^  being  iu  i 
only  representative.  The  question  of  the  relative  temperatures  of 
Btar^  became  of  great  importance  in  relation  to  the  quBstions  thui 
raised.,  htit  it  was  not  till  1892  that  I  was  al>le  to  approach  it  by  Tiim,m 
of  photography.  The  inten^al  was  spent  chiefiy  in  researches  bearing 
upon  solar  and  terrestrial  changes  in  spectra  when  diHerences  of  thermal 
and  electric  energies  were  obvious. 

In  a  paper  on  stellar  spectra  in  relation  to  tamper ature»  communicated 
to  the  Boyal  Society  in  1902,*  I  gave  an  account  of  an  attempt  at  a 
temperature  claasification  of  gtara,  utiUsing  the  fact  that  an  estensioD 
of  spectra  into  the  uUra-\iolet  is  produced  by  increased  tempemture* 
mid  further  that  a  lower  temperature  in  an  atmosphere  above  a  photo^ 
sphere  would  increase  the  absorption  in  the  )>lue  end.  The  classification 
arrived  at  was  Imsed  on  photographs  obtained  with  instruments  baling 
prisms  and  lenses  made  of  glass  which  has  a  strong  aT>sorbing  edect  on 
the  ultra*violet  rays* 

The  general  results  of  the  discussion  was  the  conchiaion  that  tk 
sUirs  8o  far  considered  might  b©  divided  into  two  series,  one  of 
aseeuilingj  the  other  of  descending  temperature*  Further,  that  the 
clasaiKcation  proposed  was  justified  both  by  the  relative  extensions 
of  the  spectra  into  the  ultra-violet  and  by  the  temperature  sequence  of 
the  few  typical  lines  then  available  for  study. 

By  1899,  laboratory  work  on  the  spectra  of  different  substances 
under  ditfercnt  conditions,  and  the  discovery  of  a  terrestrial  source  of 
helium  Ijj  Ramsay,  which  enabled  me  to  investigate  the  complete 
spectrum,  had  so  far  facilitated  the  study  of  the  typical  Unes  in  tk 
various  stellar  spectra,  that  I  felt  myself  justified  in  attempting  to 
classify  the  stars  in  relation  to  the  chemical  sequence  revealed  by  the 
presence  of  gaseous  and  metallic  lines,  using  especially  the  lines  ef 
helium  and  hydrogen  and  the  **  enhanced  "  and  arc  lines  of  the  metals. 
In  this  way  1  hoped  to  be  able  to  test  the  classification  of  1892  based  en 
the  relative  lengths  of  spectra. 

An  account  of  this  research  was  published  in  the  Proceedings  of  the 
Eoyal  Society  (vol.  65,  pp.  186—191,  1899),  and  ultimately  the 
complete  results  obtained  were  included  in  a  "  Catalogue  of  470 
Brighter  Stars  Classified  According  to  their  Chemistry."! 

In  this  catalogue  the  stars  were  arranged  in  sixteen  groups  along  a 
temperature  curve  with  its  apex  in  the  central  portion.  On  the 
assumption  that  the  chemical  changes  were  due  to  temperature, 
including  in  that  term  the  possible  results  of  electrical  energy,  the 
general  arrangement  of  the  stellar  groups  in  the  order  both  of 
ascending  and  descending    temperatures   was .  indicated,  the    group 

•  •  Phil.  Trans./  A,  toI.  184,  p.  688. 

f  *  Publications  of  the  Committee  onSoVw  Ph'jftvcft,*  London,  1902. 
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containing  the  hottest  stars,  on  the  dissociation  hypothesis,  being  placed 
at  the  top  of  the  cmre.  It  will  be  convement  to  reproduce  this  table 
here. 


10 
9 


8 
7 

6 
5 

4 
8 
2 

1 


Argonlan 


There  was  abundant  chemical  evidence  to  show  that  the  mean 
temperature  of  the  stars  occupying  the  same  height  on  both  branches 
of  the  curve  was  not  very  different,  so  that  we  have  ten  horizons,  or 
stages,  of  mean  temperature  indicated  in  passing  from  the  complete 
fluted  spectra  of  AntarianPiscian  stars  to  the  simplified  line  spectra  of 
the  7  Argus  type. 

So  far  as  we  could  judge  from  the  photographs  then  available,  the 
chemical  changes  gave  a  sequence  identical  with  that  desired  for  the 
length  of  ultra-violet  spectra  in  1892,  so  that  the  latter  classification 
was  fully  justified  by  the  test  which  had  been  applied  to  it. 


2.  Aims  and  Conditions  of  the  Present  Research, 

As  before  mentioned  in  the  work  of  1892,  the  relative  lengths  of  the 
ultra-violet  spectra  were  determined  from  photographs  secured  with 
instruments  having  glass  optical  parts.  It  was  possible  therefore 
to  secure  still  another  test  by  obtaining  a  new  set  of  photographs 
using  calcite  and  quartz  in  place  of  glass,  to  enable  the  far  ultra-violet 
■  to  be  obtained  and  studied.  Nor  was  this  all,  it  seemed  of  the  first 
importance  to  utilise  not  only  the  length  of  spectrum  in  the  l)Iue,  but 
the  relative  brightnesi^  of  the  different  parts.  What  happens  regarding 
the  relative  hrilUancy  of  the  different  parts  of  tYie  ap^ctTWXEL^  ^"s*  \\^  ^jsa 
the  extension  into  the  ultra-violet  by  increased  teiaipeTaXiWi^,  w^'s.n^^^ 
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cleai'ly  stated  hy  Bit  George  Stokea"*  in  1876,  in  the  following  words, 
**  When  a  j^olid  body  such  ae  a  platinimi  wire,  trareraed  by  a  imitate 
current,  is  beated  to  ineandeseonce,  we  know  that  as  the  temperature 
increaees,  not  only  does  the  radiiition  of  each  particular  refrangibility 
Absolutely  increase,  but  the  proportion  of  the  radiations  of  the  diflFerent 
refrangibilities  m  changed,  the  proportion  of  tlie  higher  to  the  lower 
increasing  with  the  temperature." 

This  question  was  also  investigated  by  Mel  Ion  i  and  Crora  ;  and  la 
recent  years  exact  determinations  of  the  law  of  increase  have  been 
made  by  Lummer,  Pasehen,  and  others,  Mellotii  sbowedf  experi- 
mentally that  the  maximum  radiation  moved  towards  the  more 
refrangible  end  of  the  spectnim  as  the  temperature  increaaed.  Crora 
made  use  of  this  fact  in  determining  the  temperatures  of  Tanoui 
incandescent  light  sources,  and  was  one  of  the  first  to  suggest:^  ^^^  tho 
method  was  applicable  to  the  determination  of  the  temperatures  of  ^ 
sun  and  stars, 

3.  The  Olk^ervaiimal  Candid iov a 

The  kind  of  spectroscope  to  be  used  and  method  of  observation  to  be 
followed  were  indicated  by  the  following  considerations. 

In  order  to  utilise  the  effect  of  temperature  changes  to  the  full  it  was 
necessary  to  record  the  red  end  of  the  spectrum  as  well  as  the  ultra- 
violet, as  only  in  this  way  could  the  relative  changes  in  intensity  be 
recorded,  hence  it  tins  desirable  to  emploij  only  a  small  dispersion. 

In  addition  to  the  natural  differences  photographed  in  the  ultra- 
violet, artificial  differences  due  to  the  absorbing  effect  of  our 
atmosphere — which,  even  when  clearest,  is  more  or  less  opaque  to  the 
ultra-violet  radiations — might  be  introduced,  cherefore  it  was  considered 
advisable,  in  order  to  eliminate  the  effects  of  atmospheric  absorption, 
to  obtain  the  spectra  of  any  two  stars  to  l)e  compared  whilst  thsy  were 
at  approximately  the  same  altitude.  Further,  to  avoid  the  many  pit-falls 
to  which  those  who  compare  photographs  taken  on  plates  of  unequal 
sensitiveness,  and  differently  exposed  and  developed,  are  liable,  it  was 
obviously  important  that  any  spectra  to  be  compared  shoidd  be 
obtained  on  the  same  plate  in  order  to  secure  identical  plate  sensitive- 
ness and  development. 

Again,  in  order  to  secure  similar  optical  treatment  it  wjis  arranged 
to  photograph  both  spectra  near  to  the  optical  axis  of  the  camera ; 
thus  they  are  near  together  in  the  centre  of  the  plate. 

I  am  sorry  to  say  this  work  has  been  consideral)ly  delayed  by  the 
long  time  taken  in  preparing  a  new  camera  and  optical  parts  suitable 
for  the  research,  as  above  defined,  and  latterly  by  a  long  spell  of  bad 
observing  weather. 

*  'Roy.  Soc.  Proc.,'  to\.  24,  p-  '^^'^.  ^^"^ 

t  Taylor's  '  Scientific  MemoVt*,'  vo\.  Y,  v.  v>^. 

X  '  Comptes  Rendus,*  \o\.  S7,  \).  ^^V. 
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4.  Description  of  the  Instrument  used. 

With  regard  to  the  new  apparatus,  I  may  state  that  an  objective 
prism  camera  (fig.  1),  was  devised  having  a  2-inch  30°  calcite  prism 
mounted  in  front  of  a  2^inch  quartz  lens  of  18  inches  focal  length. 


Fig-.  1. — Quartz-Calcite  Prismatic  CamerA. 

The  prism  is  so  cut  that  its  first  face  is  perpendicular  to  the  optic 
axis  of  the  crystal,  and  it  is  arranged  that  the  incident  rays  are  normal 
to  this  face.  All  the  rays,  therefore,  pass  through  the  prism  parallel 
to  the  optic  axis  and  in  this  way  there  is  no  double  refraction. 

The  whole  length  of  the  spectriun  is  brought  into  focus  in  a  plane 
inclined  at  42''  to  the  optical  axis.  The  apparatus  is  attached  to  the 
side  of  an  equatorially  mounted  6-inch  Dallmeyer  doublet  camera  with 
an  angle  in  declination  between  the  two  optical  axes  equal  to  the  angle 
of  deviation  of  the  calcite  prism,  so  that  the  Dallmeyer  is  used  as  a 
finder. 

Edward's  snap-shot  isochromatic  plates  have  alone  been  used,  and 
as  they  are  not  sufficiently  sensitive  for  wave-lengths  between  A  486 
and  A  550  (approx.),  there  is  a  break  in  each  spectrum  about  this 
region  followed  by  a  further  portion  of  the  spectrum  having  its  centre 
about  "D."  The  length  of  spectrum  obtained  is  such  that  H^s  to 
He  is  0-355  inch  (9*0  mm.)  and  from  H,  to  Hy  0*165  inch  (4*2  mm.). 

5.  Method  of  JFork. 

As  shown  in  Table  I,  there  are  ten  stages  or  steps  of  temperature  to 
be  investigated,  and  pairs  of  stars  were  selected  in  order  to  show  the 
differences  between  adjacent  stages  or  else  the  difference  between 
stages  widely  apart. 

Stages  1  and  10  are  not  avaiJable  in  consequence  ol  \\i^  ^XyoXa^^^^-^wi 
iaintnesB  of  the  Antarian  and  Piscian  stars,  and  tVve  ia.e\,  \Xi»X  nX\^  w^n 


232 


Sir  NonnaB  Lockyer. 


[Jan.  30. 


atar  as  yet  knowi:  representing  the  Argonian  group  is  sitimted  in  the 
Southern  Heniigphore.  The  stages  already  Investigated  are  shown  by 
brackets  in  the  following  table. 


Table  L 


W*                       Arganimji. 

9.                         AlniUmiaQ, 

1 

8,    Cnifibn,                           Acbe^mian, 
7,     Xiurian.                              Al^oli&t;. 

I. 

n 

6.     Rigeliui*                              Mnrk&bmi],       ^ 

1 
-1  «. 

5, 

2.   1 

6. 

4»    ^ —                            Sirirtn.           ^  ^ 

4. 

3*     PoUrinn,                            Procyoniwi. 

1, 

Z,    AJdebftrL&D,                       Areturian.    - 

J              J 

J 

1.     Antftrian.     -                    PiBomn. 

Thus  an  Arcttirian  atar  (second  Btage),  was  compared  with  »  Siriari 
(fourth  stage),  and  so  on.  In  the  case  of  some  st^rs,  f.g.j  Capella, 
this  was  repeated  several  times,  each  photogr^iph  shomng  a  dijfei*erit 
compariBon. 

In  securing  the  photographs  an  attempt  was  always  made  to  obtain 
the  pair  of  spectra  with  the  region  lietween  H^  and  H^  of  the  same 
intensity  in  each.  This  condition  is  very  difficult  to  fulfil  in  act W 
practice  owing  to  the  difference  of  magnitude  of  the  two  stars,  their 
difference  in  declination,  and  hence  in  clock  rate,  and  lastly  the  very 
important  actual  differences  between  the  actinism  of  the  two  bodies 
in  this  region  of  the  spectrum  due  to  their  different  temperature 
conditions. 

It  was  also  arranged  to  obtain,  whenever  possible,  the  spectra  of  two 
stars  near  together,  so  that  the  chances  of  introducing  atmospheric 
interference  due  to  the  different  conditions  possibly  present  in  various 
parts  of  the  sky  might  be  reduced  to  a  minimum.  In  every  case  where 
the  observer  had  reason  to  suspect  any  change  in  the  atmospheric 
conditions  obtaining  during  the  two  exposures,  which  sometimes 
extended  over  a  period  of  1^  hours,  the  result  has  not  been  included 
in  the  discussion. 

Thus  we  have  a  series  of  comparison  photographs  from  which  all 
variable  conditions  except  the  natural  variations  in  radiation  have,  as 
far  as  possible,  been  eliminated. 
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6.  Description  of  the  Photographs. 


^        Many  of  the  photographs  taken  are  too   faint  to  reproduce  well 

'    enough  to  exhibit  completely  the  striking  differences  shown  between 

^    the  pairs  of  spectra.     I  shall  therefore  content  myself  by  giving  a 

detailed  description  of   each   negative   (Table   II),  only   reproducing 

^hose  photographs  which  are    sufficiently  dense  to  plainly  show  the 

phenomena  under  discussion. 


Table   II. 


No.  of 
I  negatire. 


14 


37 


11 


Date. 


Star. 


Stage  of 

tem- 
perature. 


Type. 


Alti- , 
tude. 


19      ;   7.5.08 


29.12.02 


17.2.03 


From  Stage  2  to  Stage  4. 
4 


1 


21.1.04  '  \ 


a  Geminorum 
a  Aurigffi 

a  Geminorum 
a  AurigflB 


Sir. 

50 

Arct. 

57 

Sir. 

69 

Arct. 

58 

Sir. 

42 

Arct. 

39 

Sir. 

68 

Arct. 

68 

From  Stage  4  to  Stage  6. 


Desoription. 


28.1.03 


3  Orionis 


^a  Canis  Maj. 


Faintly  red,  fairly 
bright  to  Hy. 

Intense  red,  scarcely 
extends  beyond  E. 

Bed  scarcely  visible, 

maximum    about 

X4U0. 
Fairly    bright    red, 

maximum    about 

X4t)0. 

Red  scarcely  Tisible, 

maximum    about 

X418. 
Fairly    bright   red, 

maximum    about 

A  455. 

Weak  red,  maxi- 
mum about  K  420. 

Very  dense  red  j 
blue  maximum 
commences  at.  F, 
centre  at  A  460, 
weak  beyond 

X  388. 


Rig.  21    ;  Red  not  so  intense, 

I  {       and     ultra-violet 

I  I       much     more    ex- 

I  tended    than     in 

I  I       Sirius. 

Sir.    I  22    !  Den«e  red,  centre  of 
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lUtL  S), 


Ko.of 

Dua. 

OUv* 

Stagt  of 
tern- 

Type. 

iJtU 

tilde. 

De«^{itioit, 

Fr&m  Sia0€  6  to  Stft^*  9. 

U 

r«Orioni9 
\/9  0riotiit 

@ 

Almu 

5^1 

of  Ri^l  u  g«ii*> 

6 

Rlf. 

nilXtntichtUi^af^ 

enUuatitfAldiABi 

eiteniUa»fiLrielv 

tbe  tilttW'iicibt 

V&ti^mM  InUr 

v^U. 

1 
1 

>  tJrtii-  Sf aj. 

6 

Mark. 

78 

Fdint  red,  nwaJ- 
mun?  litHiut  A  4lfi. 

at 

lOMM 

* 

1 

to  U*. 

^ft  tTTtfp  Maj. 

£ 

AwL 

1 

Fitirlv  briglit  tri 
mAximLun          it 

fallitjg  off  bejiHtil 

A  43a; 

a 

Cmc. 

&1 

at    HlKmt    A  41&, 

m 

14.1.04 

-, 

wt^ll    b€jond    ihf 

1 

4Mnlof  tlieCiipUi 

jtpfi  trmn. 

^rt  Auriga 

2 

Arer. 

fl2 

Verp      bright     red, 

nboiit  A  455»  fiir>t 
bf  voiui  K. 

%  Orlonii 

9 

AimL 

3S 

Faint     t^,     c^fitTf 

of    Triftximum    at 

1 

B».out  Hz.    Bright 

23 

14,11*03 

1 

i 

eit-rtision  far  be- 
yond tbc  hjdio- 
p^n  erne?. 

1 

^o  Cams  ^ffti. 

3 

Proc. 

41 

\  erv       uni^ub      rrvi. 
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H  y ,      and      falls 
quickly      bejond 


Very  faint  red, 
centre  of  maxi- 
mum about  Hi, 
i".^.,  n«^jir  the  more 
refrangible  end 
of  the  Aldebarian 
spectrum. 

Very  strong  red, 
centre  of  maxi- 
mum about  X  465, 
,      eT\d  of   epectmin 
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7.  Discussion  of  Photographs, 

The  following  is  a  detailed  discussion  of  the  photographs  described 
in  Table  II. 

Stage  2  to  Stage  4. 

No  19.  This  photograph  of  Vega  (fourth  stage),  and  Arcturus  (second 
stage),  is  very  striking  in  the  relative  intensities  of  the  two  spectra. 
The  red  portion  of  the  Arcturian  spectrum  is  considerably  more  intense 
and  forms  the  one  end  of  a  maximum  which — except  in  the  green 
region  where  the  plate  is  not  very  sensitive — extends  from  D  to  about 
\  454.  The  part  of  the  spectrum  more  refrangible  than  that  rapidly 
becomes  less  intense,  until  at  and  beyond  K  it  is  very  faint.  Matters 
are  very  different  in  the  spectrum  of  Vega.  Here  the  maximum 
radiation  occurs  about  a  third  of  the  distance  from  H^  to  H^  (A.  422) 
and  the  spectrum  extends  without  any  great  falling  off  in  intensity  to 
H„ ,  beyond  that  it  is  weaker  but  continues  without  any  great  decreiise 
to  twice  the  distance  on  the  more  refrangible  side  of  H^  than  the 
latter  is  from  K.  From  that  point  to  the  end  the  spectrum  gradually 
declines.  Whilst  the  maximum  radiation  in  this  spectrum  has  moved 
wholesale  towards  the  ultra-violet,  the  red  is  relatively  only  about  half 
the  density  of  the  red  in  the  Arcturian  spectrum. 

No.  4.  The  general  appearance  of  these  two  spectra  leads  to  the 
conclusion  that  that  of  ^  Ursae  Majoris  (fourth  stage)  is  much  stronger 
than  that  of  a  Ursae  Majoris  (second  stage). 

A  more  careful  examination,  however,  shows  that  whilst  the 
detached  red  part  of  the  former  is  only  seen  with  difficulty,  the  same 
portion  of  the  latter  is  comparatively  prominent. 

The  maximum  intensity  in  a  is  situated  at  about  A.  450  and  does 
not  vary  a  great  deal  between  there  and  K.  After  the  latter  point 
is  reached,  however,  the  fall  is  rather  sudden,  and  the  spectrum  soon 
dies  out.  In  /?  the  maximum  intensity  is  between  H  and  H«,  and  the 
ultra-violet  up  to  H«  is  fairly  strong.  Beyond  H«  the  intensity  of 
the  spectrum  drops  rather  suddenly,  and  then  continues  with  a  gradual 
decrease  for  some  distance. 

No.  14.  There  is  no  great  difference  in  the  lengths  of  these  two 
spectra,  the  one  of  a  Geminorum  (fourth  stage),  the  other  a  Aurigae 
(second  stage),  but  the  red  portion  of  the  second  stage  spectrum  is 
most  decidedly  more  intense  than  that  of  the  fourth  stage,  the  latter, 
in  fact,  being  scarcely  visible  at  all.  In  a  Aurigae  the  maximum 
intensity  is  at  about  A.  454,  but  in  a  Geminorum  it  must  be  placed  at 
or  near  to  Hj  (A.  410). 

No.  37.  In  the  taking  of  this  negative  the  spectrum  of  Capella 
(second  stage)  received  the  advantage  of  exposure  and  is  consequently 
much  stronger  in  the  Hy — H^s  region  than  that  oi   G^\«t  <^Qva\5cL 
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iiuil  the  relative  iiitensity  of  the  Ted  is  increaseci,  as  a  lower  tempemtii 
in  reached.  That  is  to  miv  that  where  two  spectra  ha\4ng  their  inll 
si  tics  alxjiit  the  region  H^  —  H^  equal  are  compared,  we  find  that  inl 
cooler  stars,  aceorditig  to  the  chemie^  classification,  the  emiseioqi 
the  red  preponderate,  whilst  in  the  hotter  star  the  ultra-violet  is  oi 
extended  and  intesise.  ! 


My  best  thanks  are  due  to  Messrs,  Rolston  and  (loodaon,  wi 
the  VII lions  photographs  to  which  I  liave  referred,  the  for 
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"  On  the  Construction  of  some  Mercury  Standards  of  Eesistance, 
with  a  Determination  of  the  Temperature  Coefficient  of 
Resistance  of  Mercury."  By  F.  E.  Smith,  A.K.C.Sc.,  Assistant 
at  the  National  Physical  Laboratory.  Communicated  by 
R.  T.  Glazebrook,  F.R.S.  Received  March  10, — Read 
March  17,  1904. 

(From  tlie  National  Plijsical  Laboratory.) 
(Abstract) 

This  paper  contains  an  account  of  the  construction  and  measurement 
of  eleven  mercury  standards  of  resistance  at  the  National  Physical 
Lahoratory,  Teddington. 

It  is  divided  into  three  parts :  {a)  theory  of  constructign ;  (6)  deter- 
mination of  the  mechanical  constants :  {c)  measurement  of  resistance, 
*nd  deductions. 

(a)  Theory  of  Constritction, 

The  definition  of  the  international  ohm  necessitates  the  determina- 
tion of  a  length  and  a  mass  only,  the  resistance  of  a  uniform  column 
^f  mercury  of  length,  L.  cm.,  and  of  mass,  W.  gr.,  being 

L2  14-4521  -  ,        ^.       ,    u 
W '  ~iria^'r  International  ohms. 

The  difficulties  of  accurately  evaluating  L^/W  are  discussed  in  the 
Paper.  The  method  finally  adopted  for  the  determination  of  this  ratio 
Offers  from  those  which  have  been  previously  employed.  A  quantity 
proportional  to  L^/W  was  first  of  all  determined  for  different,  but 
practically  similar  portions  of  a  selected  tube.  The  tube  was  then 
broken  into  three  parts,  the  positions  of  fracture  being  carefully  chosen, 
so  that  a  mercury  column  occupying  the  central  portion  should  have 
a  nominal  resistance  of  1  ohm.  The  ratio  L^/W  for  this  central  portion 
was  calculable  from  the  previous  observations.  It  is  shown  that  this 
method  admits  of  measurements  of  a  high  degree  of  accuracy,  while 
all  the  operations  involved  are  of  a  simple  nature. 

The  effect  of  liquid  and  gaseous  films  in  contact  with  the  glass  is 
briefly  discussed.  If  the  same  cycle  of  operations  is  always  adhered 
to,  it  is  shown  that  such  films  produce  no  disturbing  effects. 

The  fact  that  the  axis  of  a  tube  may  be  imdulatory  in  character,  is 
proved  to  be  a  very  serious  obstacle  to  an  accurate  computation  of  the 
resistance  of  a  mercury  column.  Thus,  it  is  quite  possible  for  the 
radius  of  curvature  at  any  part  of  the  axis  to  be  as  small  as  40  cm., 
and  for  the  maximmn  displacement  of  the  curve  from  a  straight  axis 
to  be  0*015  mm.  only,  and  yet,  under  such  circumstances,  the  computed 
resistance  is  0*0036  per  cent,  greater  than  that  calculated  by  the  usual 
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formula.      If  such  an  axis  were  projaeted  and  examined,  the  eiirve 
could  not  be  distinguishai  by  the  eje  from  a  straight  line, 

Tbe  correction  for  conical  form  was  obtained  bj  a  method  very 
similar  to  those  preTriouslj  employed  by  other  oljservers. 

{b)  Ihttrminaiign  of  the  Mechaimal  C&tLdanJfs. 

Tlie  lengths  of  the  mereury  columns,  and  of  the  tubes^  ^'^^ 
measured  in  a  water  bath  comparator  by  Mr.  B,  F.  E*  KaflCiigj  %}ut 
tempei^ture  of  tbe  mercury  and  of  the  gUm  being  accurately  knova 
to  0*^02  C,  The  mass  of  the  merciuy  was  determined  with  a  probable 
error  of  about  0  0005  per  cent.  Those  determLna lions  enabled  the 
mean  cross-sections  of  tUtferent  puts  of  the  tube  to  he  evaluated.  From 
the  reault^  the  mean  cross-section  of  the  stanclird  portion  wa^  dadtuxd* 
and,  finally^  that  length  of  a  uniform  mercury  column  of  similar  tTom- 
section  that  wotdd  have  a  rcsist^itnce  of  I  international  ohm.  The 
consistency  of  the  results  obtained  from  dtSereut  fillings  of  the  tubes, 
each  threard  of  mercury  occupying  &  slightly  different  positiou,  may 
beijt  be  judged  from  tbe  results  of  actual  ol*9ervjitifins.  The  following 
values  are  for  the  first  three  standards  constructed.  The  horizontal 
lines  in  the  table  represent  sepiirate  fillings  of  the  three  tubes  : — 


Standard.  M.  P.  T. 


Length  of  the  iiiercurv  colu'i.u  pos-  59  0330  cm. 

s€8^ing    a    uniform     erO"»?» -^el•liou  oVi  •032()    „ 

equal  to  th^  mean  of  that  of  the  59  03:8    ,, 

standard,  anl  h.iving  a  resistance  59  '0337    ,, 
of  one  international  ohm. 


f^3-5i93cm. 

57 

•7801  cm. 

63  54S5  ., 

57 

•7808  ., 

6:3  5491  ,. 

57 

•7805  „ 

63-54»4  ,. 

The  results  with  the  remaining  eight  tubes  are  eqimlly  good. 

(r)  Measurement  of  Jie,^istunre,  ami  Dedudiuns. 

The  stiindards  were  erected  in  three  fashions.  In  the  first  of  these, 
two  other  glass  tul)es  were  connected  to  the  ends  of  each  suinilani 
by  me^ins  of  a  speci;il  connector.  The  ends  of  the  tul>es  thus  brought 
into  contact  were  of  the  same  cross-section,  and  the  shapes  of  the 
sections  were  also  identical.  An  adjustment  was  provided  for,  which 
insured  the  absence  of  internal  irregularities  at  the  junctions.  Thin 
pieces  of  platinum  foil,  interposed  at  the  points  of  union,  acted  as 
potential  leads,  and  enabled  the  resistance  to  be  me^isured.  The 
value  thus  obtained  was  for  a  column  of  mercury  completely  filling 
the  tube,  and  terminated  by  planes  at  the  ends  of  the  tul)e.  This 
mode  of  erection  answers  capitally  with  care,  but  many  precautions 
hive  to  he  taken. 
Tbe  second  and  third  modes  oi  ^tUivg^xxi^  \}ti^  ?»va\\^^\^  voxxo^wsi^ 
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end  correctioiis "  to  the  resistance.      The  ends  of  the  tubes  passed 

to  comparatively  large  vessels  containing  mercury,  into  which  two 

ads  were  introduced. 

For  the  measurement  of  resistance,  three  methods  were  employed ; 

e  Kelvin  double  bridge,  the  potentiometer,  and  the  Carey  Foster 

idge.      The  last  of   these   methods   is   shown  to  be  subject   to   a 

nsiderable  error  when  mercury  standards  are  measured. 

The  following  table  contains  the  results  of  the  resistance  measure- 


standard. 


M 


U 


W 


a 


Res.  in  ohms 

(Kelvin 

double  bridge). 


Res.  in  ohms 

(potentio- 
I       meter). 


I        Mean 
value  of  res. 


1  -001162 
1  -001164 
1  001166 

1-000467 
1  000468 
1-000472 

1  -000277 
1  000281 
1  000276 

1  000215 
1  -000216 
1  -000222 

1  -001462 
1  001468 
1  001463 

1  •0(X)156 
1  -000152 
1  -(XK)146 

1  001147 


001154 
001155 

000356 
000347 
000348 


1  -001 3S7 
1  001389 
1  001392 

1  -001130 
1  001138 
1  001131 

1-001053 
1  001055 
1  U0W61 


1  -001167 
1  -001162 
1  001165 


001391 
•001384 
001393 

001135 
001135 
001132 


Diifereuee  from  mean 
parts  in  100,000. 


000468 
000472 
000471 

000273 
•000280 
■0002^1 

000213 
000216 
•000218 

001455 
001462 
001465 

000161 
(XJ0151 
000151 

001147 
001151 
■001152  I 


1  -001164 


1-000470 


1-000278 


1  -000217 


1  -001462 


1  -000153  I 


1  001151 


000354  !  1  -000350 
•000350  I 
000346  I 


1  -001389 


1  001135 


I 


001054  I  1  -001057 
001061  1 
001057  1 


-0, 
±0o 
+  0- 

-0, 
-0.> 
+  0j 

-0, 
+  O3 
-0, 

-o.> 

-0, 
+  0, 

±0o 

+  06 
4-0, 

+03 

-Oj 

-0; 

-04 

+  o.< 

+04 

+  o« 

-0, 

-02 

=bO„ 
-hO, 

+03 

-0, 


-0, 

+01 
+02 

+  0, 

-Q» 
+  0, 

-0; 

-0, 

-O7 

±Oo 
+  O3 

+  0« 
-0, 
-0, 

-O4 

+  0, 
±Oo 
-O4 

+  O2 

+  0, 

±0o 
±0o 


+  0^ 
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menu  when  ihe  modo  of  erection  iiurodiiecd  the  "end  correction,'' 
but  the  fittingi:^  u  cro  not  arlApt^d  for  the  measureixieiit  uf  remstatice  m 
the  Carey  Fcister  britjge* 

Each  horizontal  line  indieatetf  a  sepinitt^  filling. 

The  nnit  of  resigt^nco  employed  in  the  evahution  trf  the  fftandArdi 
is  that  (knJverl  from  the  coUs  lielonging  t«  the  Britieh  Aaaooilltioa,  ftnd 
iiBfiumed  as  etjuaj  to  10"  CG.S.  tinits. 

The  diffcrenee  between  the  observed  resijtuinee,  employing  this  unit, 
and  the  enleutated  resiaUince  in  iuteniatiouai  ohmi,  ih  gbown  in  rhe 
following  t^ible  i — 


SituidArd. 

Mod^  of  Epccition  I. 

Obs«n«a 

Tbporeiii'nl 

Obif  rtf'd  ~ 

niffer««c» 
from  mruD- 

rciii«tftiii^ 

reftsljincti  in 

tiieoretitml 

in  obtas« 

intemationtti  ohmt. 

T»*U«^ 

M 

I'OOOOS. 

0  '<m^^^ 

0  floon:^ 

-fO^ooooa,    ' 

1* 

<>'99».^8l 

0  -ofioaOj 

O-OtKXIBn 

% 

T 

i)':itJiii:ai 

0  m\K^A^ 

U  ■^llXHJ7i 

lu 

IT 

orii^HL', 

0  'D^S^H, 

U  llltNJWj, 

—             u 

Y 

1  ■<  N  N  ►43^ 

I'tHMSfJj 

0  UHMlT; 

-                1^ 

W 

U"L>tnH5. 

0  '9ffiK>5t 

0  t.KH  lupl 

+                 I. 

X 

1  tXHu^fiJ 

w  ^m\*^ 

0  OOtmSj 

t»i 

n 

trtiyii2<Sj 

i^^^mxh^ 

0  -UlKHtl^ 

+                t^ 

% 

I   iHM«i«j 

1  Otr^lv, 

0    000(17; 

—               % 

& 

1  iKKWij 

1  iXKJ^T 

0  urjin^' 

1 

8 

1    IHHJ254 

'  1  IXXJI  tJ 
Mc^n   t  * .  > 

0  OtXXJH^ 

+                1 

Another  j^eries  of  observations  shows  that  the  resisUmce  of  the  unit 
employed  as  1  international  ohm  at  the  Keichsanstalt  is  greater  than 
the  resistance  of  the  international  unit  derived  from  the  eleven  mercury 
standards  constructed  at  the  National  Physical  Laboratory  by 

0-00002u  ohm. 

A  comparison  with  the  results  obtained  by  Dr.  Glazebrook  in  188S 
for  the  specific  resisUuice  of  mercury  indicates  that  the  unit  of 
resistance,  as  used  at  the  Cavendish  Laboratory,  Cambridge,  in  18SS, 
may  still  be  recovered. 

From  this  it  follows  that — 


Resistance  of  1  international 
ohm    (as   derived    at    the 


}"{ 


Res.  of  unit  employed  and') 
assumed  as  equal  to  10^  > 
C.G.S.  units  J 


=  0-00008:.  o\\\\\. 
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The  temperature  coeflficients  of  resistance  of — 

(1)  Mercury  in  Jena  16'"  glass, 

(2)  Mercury  in  verre  dur  glass, 

(3)  A  constant  volume  of  mercury, 

lave  also  been  determined  for  a  range  of  temperature  0"  C.  to  22'  C. 
The  results  are  as  follows  : — 

(1)  Mercury  in  16'"  glass — 

Rr  =  Ro[l+0-00088018T  +  0-00000105793T2]. 

(2)  Mercury  in  verre  dur  glass — 

Rt  =  Ro  [1  +  0-00088036T  +  0-00000103094^2]. 

(3)  A  constant  volume  of  mercury — 

Deduced  from  (1), 

Rt  =  Ro[l+OK)0088788T  +  0-0000010564T2] 
Deduced  from  (2), 

Rr  =  Ro[l+0-00088776T  + 0-0000010376^2], 

being  the  temperature  on  the  hydrogen  scale. 

The  whole  of  the  observations  have  been  carried  outjat  the  National 
hysical  Laboratory.  To  the  director,  the  author  has  to  express  his 
-eat  indebtedness  in  all  departments  of  the  work.  To  his  colleague, 
r.  B.  F.  E.  Keeling,  the  success  of  the  linear  measurements  is  entirely 
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''  Oil  Electric  ReBistanoe  Thermometry  nt  the  IViiq^erature  ^t' 
Boiling  Hydrogpn/**  By  l*mtessor  Jamks  Dewak,  M.A., 
LUD.,  F.RS.    Beceived  Febnmiy  25*— R* ml  March  10, 1904. 

In  my  paper  eiititled  "  llie  BoiliTjg  Point  of  Liquid  Hydrogen 
detomiined  by  Hydrogen  and  Hehiim  Gas  Therraomeiere/*  communi- 
cated to  the  Society  m  1901,  I  detailed  means  taken  to  detennine  the 
temperatiiie  in  gas  thermometer  degrees  at  which  liqtdd  hydrogen 
hoiU.  The  ex'perimeuts  clearly  proved  that  the  conaUint-vohnne 
h3^dro|;yn  gas  thermomekx  is  reliable  under  varyiRg  eimditions,  down 
to  Ji  temperature  some  degrees  below  the  lioiling  point  of  hydrogeiii 
20 '^O  ahiitjiute,  on  the  Centigrade  Bcale. 

Irt  the  course  of  making  low  temperature  determinations,  a  nuiiiV^r 
of  thermometers  of  different  kinds  were  omploye<!,  some  beiug 
constant-volume  gm  thermometers,  others  in  the  form  of  thermo 
electric  junctions,  and  a  set  depending  on  change  of  electric  resistance 
^vith  temperature.  The  group  of  thermometers  depending  upon  the 
assntned  relation  between  electromotive  force  and  temperature  broke 
do\vn  about  the  temperature  of  liqtiid  oxygen,  while  thoj^e  hjLsed  up<7n 
the  ordinary  law  correlatini^^  change  of  electric  resistance  with  temperii- 
tiire  failed  for  all  the  metale  and  alloys  somewhere  aljove  the  boiling 
point  of  liquid  hydrogen. 

In  the  first  experiments  made  to  ascertain  the  boiling  point  of 
liquid  hydrogen  imder  a  pressure  of  30  to  60  mm.  a  platinum  resist- 
ance thermometer  was  used,  with  the  result  that  only  T  of  reduction 
of  temperature  in  the  boiling  point  was  recorded  instead  of  some 
5"  indicated  by  theory.  This  result  suggested  that  in  all  prol>ability 
the  rate  of  change  of  resistance  with  the  pressure  became  gradually 
smaller  under  very  low  temperatures. 

In  the  Bakerian  Lecture  I  adverted  shortly  to  some  results  obtained 
in  low  temperature  resistance  thermometry,  and  gave  a  tablet  of 
numerical  values  deduced  from  experimental  observations  for  some  of 
the  more  prominent  metal  resistance  thermometers.  In  the  present 
communication  the  experimental  records  of  eight  additional  electric 
resistance  thermometers  are  given,  and  the  results  of  the  observations 
on  all  the  resistance  thermometers  used  during  the  investigations 
are  collected  and  compared. 

Two  facts  seem  to  result  from  this  inquiry,  viz. :  (1)  That  the 
resistance  of  an  unalloyed  metal  continually  diminishes  with  tempera- 
ture and  in  each  case  appears  to  approach  to  a  definite  asymptotic 

In  continuation  of  Art.  3  of  the  BHkerian  Lecture,  '  Roy.  Soc.  Proc.,*  toI.  08, 
Soc.  Proc.,'  Tol.  68,  p.  363. 
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value  below  which  no  further  lowering  of  the  temperature  seems 
to  reduce  it;  and  (2)  that  the  parabolic  connection  between  tem- 
perature and  resistance  is  no  longer  tenable  at  very  low  temperatures. 

Of  the  different  thermometers  constructed  on  the  electric  resistance 
principle,  fifteen  were  serviceable  throughout  the  investigations ;  the 
others  broke  or  failed  from  various  causes.  The  metals  employed  were 
platinum,  gold,  silver,  copper,  palladium,  iron,  nickel,  and  two  alloys, 
platinum-rhodium,  and  German  silver.  The  metals  were  supplied  by 
l^Iessrs.  Johnson  and  Matthey,  and  the  late  Sir  W.  C.  Koberts-Austen 
of  the  Mint.  Every  endeavour  was  made  to  attain  the  highest  purity 
ill  the  samples.  In  the  Bakerian  Lecture  a  table*  was  given  containing 
the  constants  of  seven  of  these  thermometers,  and  in  the  annexed  Table  I 
similar  results  are  given  for  the  remaining  eight. 

The  observed  resistances,  after  all  corrections  were  made,  were 
reduced  both  by  Callendar's  and  by  Dickson's  methods,  and  the  close 
accord  of  their  results  is  apparent.  When  these  temperatures  are 
compared  with  the  results  given  by  the  hydrogen  thermometer,  they 
confirm  the  general  inferences  above  referred  to.  In  the  Callendar 
method  the  a.  was  determined  from  the  resistances  at  100"  C.  and 
0"*  C,  and  the  S  was  then  obtained  from  the  resistance  and  corre- 
sponding observed  temperature  of  liquid  oxygen  boiling  under  atmo- 
sphene  pressure.  The  same  data  were  used  in  the  Dickson  formula, 
except  in  a  few  cases  where  it  was  thought  worth  while  to  employ 
the  method  of  least  squares,  in  which  cases  these  data  were  included. 

In  Table  I  the  suffix  number  attached  to  the  name  of  each  metal 
indicates  a  particular  thermometer  in  my  notes  of  the  observations,  and 
may  be  taken  as  a  rough  index  of  the  chronological  order  in  which  the 
observations  were  made. 

Platinum,  gold,  silver,  and  copper  show  a  remarkable  agreement 
between  the  two  methods  of  reduction.  The  later  specimens  of  the 
metals  of  each  of  these  groups  are  purer  than  the  earlier  ones.  In 
the  platinum  and  gold  groups  we  notice  that  the  Centigrade  tempera- 
ture ft,  at  which  the  resistance  would  vanish,  rises  with  the  purity. 
This  is  still  seen  in  copper,  but  something  of  the  reverse  appears 
in  the  case  of  silver  (perhaps  this  may  be  explained  later).  However, 
the  general  rule  is  again  apparent  in  palladium.  With  regard  to 
Callendar's  coefficients,  the  temperature  coefficient  a  increases  with 
the  purity  of  the  metal,  while  the  difference  coefficient  8  diminishes ; 
nevertheless  some  uncertainty  is  apparent  in  the  platinum  thermo- 
meter. Alloys  appear  to  have  much  smaller  values  of  a  and  much 
larger  values  of  5.  On  the  other  hand  the  magnetic  metals  have 
greater  a's  and  very  much  increased  8*s. 

A  marked  peculiarity  in  the  magnetic  metals  is  that  the  difference 
coefficient  8  is  negative,  that  is,  the  tempeTalwift^  vcv  xcksX.^A'^^^^^ 

•  Loc.  ciU 
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are  algebraically  higher  than  in  Centigrade  degrees,  a  peculiarity  which 
is  shared  with  them  by  gold.  It  is  also  remarkable  that  in  the  cases  of 
all  the  purest  metals  examined,  their  resistances  calculated  by  either 
method  of  reduction  vanish  at  temperatures  above  -  273"  C.  (Auss 
was  not  so  pure  as  AU40,  which  was  electrolytic  gold.) 

As  measurers  of  temperature  gold  and  silver  seem  to  be  the  best. 
One  prominent  characteristic  associated  with  them  is,  that  their  6's 
are  the  smallest.  Clearly  those  metals  (if  there  are  any)  are  accurate 
temperature  measurers  for  which  S  vanishes,  so  that  we  expect  those 
to  be  best  in  which  this  constant  is  least.  There  is  a  further 
characteristic  displayed  by  the  best  metals  as  shown  in  Table  I, 
which  may  be  explained  thus :  both  methods  of  reduction  rely  on 
the  parabola,  and  the  farther  away  the  representative  arc  of  the 
parabola  is  from  the  vertex  of  the  curve,  the  more  nearly  straight  does 
this  arc  become  and  the  smaller  will  6  be.  Now  in  both  metals 
referred  to,  especially  in  the  purer  specimens,  this  characteristic  is 
most  marked  compared  with  the  other  metals  employed.* 

It  is  worthy  of  note  that  for  these  pure  platinums  the  average  value 
of  8  is  very  nearly  2*5,  while  Callendar's  platinums,  also  pure,  gave 
1*5 — 1*6.  Is  the  parabola  determined  by  the  resistance  at  444''*53  C, 
100'  C.  and  0**  C,  different  from  that  determined  by  the  resistances  at 
100'  C,  0"  C,  and  -  182"'-5  C.  1  In  the  sequel  I  shall  show  that  these 
must  be  different,  and,  in  fact,  that  we  must  look  for  an  entirely 
different  hypothesis  to  correlate  resistance  and  temperature. 

As  a  matter  of  interest,  in  the  last  line  of  Table  I,  I  have  noted  the 
ratio  in  which  the  resistance  of  each  metal  at  0°  C.  is  reduced  on 
cooling  it  to  the  boiling  point  of  hydrogen.  This  seems  to  be  a 
quantity  showing  no  connection  with  other  properties  of  metals. 

So  far  we  have  looked  at  the  results  rather  from  the  point  of  view  of 
metals  as  thermometers.  But  a  much  more  important  question  is. 
What  is  the  relation  between  resistance  and  temperature  in  metals  ? 

We  are  entitled  to  consider  the  temperatures  at  which  liquid  oxygen 
and  hydrogen  boil  under  atmospheric  pressure  as  being  known  to 
within  one-  or  two-tenths  of  a  degree,  namely,  - 182'' -5  C.  and 
-252''5  C.  Further  observations  made  with  the  constant-volume 
hydrogen  gas  thermometer   lead   to   the    conclusion   that   hydrogen 

•  In  the  Callendar  parabola  (A  — T)^  =  P(B  — R),  the  values  of  A  for  Au^o  and 
Ag43  are  -27,053°  and  14,520°  (the  only  other  one  greater  t^ian  10,000°  being 
—  18,087°  for  Auas),  and  the  corresponding  Talues  of  B  are  —598°  and  177°  (the 
only  other  one  greater  than  100  being  135°  for  Pg?).  Similarly  in  the  Dickson 
parabola  (a  +  R)*  =/?(6  +  T)  the  values  of  a  for  Au^©  and  Ag43  are  —1080°  and 
339°  (the  only  other  two  greater  than  100  being  251°  for  l^.^  and  -129°  for  Au^), 
and  the  corresponding  values  of  h  are  —11,841°  and  7319°  (the  only  others  greater 
than  2000°  being  —8400°  for  Au,,  and  2881  for  Ag^).  This  cl\&TiMitftTv^\\^  ^waiw. 
out  equaJJj  Btrongly  when  the  curves  are  reduced  to  a  oommoii  tw«»\«cl^^  q1  V^vf^ 
lOOO  obms  at  OP  C. 
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freeisea  about  5"  Jielow  its  boiling  pciini.  In  the  present  experiment*  1 
have  been  able  to  get  eight  obaervations  in  liquid  hydrogen  boiliitit 
luider  pressures  varying  from  5— 50  nim.^  and  it  will  not  lead  ^ 
appreciably  sistray  to  take  the  t-einperaturea  of  the«e  observations 
as  (say)  4^  bolow  the  boiling  point.  Tf  the  law  eouneciing  r^sLetance 
with  temperature  be  parabolic,  the  very  gentle  curvature  at  the  boititig 
point  of  hydrogen  will  allow  us  to  consider  the  rata  of  drop  ia 
reitifltance  pei"  degree  of  temperature  for  the  4'  l;»elow  the  boiling 
point  of  hydrogen  as  roughly  the  same  as  that  between  the  boiling 
points  of  oxygen  and  hy drogue u  (70")»  so  that  the  ratio  of  these  two 
dropa  on  this  supposition  should  be  al>out  4 :  70,  or  say  OD&«ightoeiitk 
These  ration  are  given  in  Table  II . 

Table  IL 
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Now  these  ratios  are  all  much  smaller  than  one-eighteenth,  hence  we 
infer  that  the  curves  have  taken  a  more  or  less  quick  turn  in  the 
neighbourhood  of  the  boiling  point  of  hydrogen,  or  perhaps  above  it. 

On  Plate  10  the  observed  resistances  are  displayed  graphically.  For 
convenience  I  make  seven  groups,  namely  platinum,  gold,  silver, 
copper,  pdladium,  magnetic  metals,  and  alloys ;  and  in  order  to  bring 
the  characteristics  of  these  groups  into  comi)arison,  each  metal  is 
supposed  to  have  the  resistance  of  30  ohms  at  the  freezing  point.  This 
numl)er  was  chosen  to  suit  the  scale — the  intention  l>eing  that,  roughly, 
the  "  plot "  of  resistance  and  temperature  should  ]ye  a  line  equally 
inclined  to  the  two  axes  of  resistance  and  temperature.  This  hiis  been 
accomplished  by  taking  a  centimetre  to  represent  20°  C.  in  temperature, 
and  2  ohms  in  resisUmce.  The  diagram  for  each  group  has  the  reading 
at  0'  C.  placed  2i  cm.  higher  than  that  of  the  group  below  it,  in  order 
to  obviate  confusion  among  so  many  approximately  coincident  lines. 
Attention  paid  to  this  will  enable  each  group  of  curves  to  be  clearly 
seen  and  compared  with  the  others. 

The  first  noticeable  peculiarity  is   the  close  coincidence  of  the  two 

silver  curves.     For  them,  Callendar's  a's,  the  fl's,  and  the  ratios  of  the 

resistances  at  0°  to  that  at  the  boiling  point  of  hydrogen  are  almost  the 

s/mie,   although  the  6's  differ   much.      In    like   manner   the   Dickson 

constants  for  Ag^3  are  all  iu  the  same  twUo  i^»\io\xx-  ^  \1'^  \vv\k  those  for 
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Next,  the  curves  for  P7,  AU40,  the  two  silver,  and  Pd46,  are  very 
approximately  parallel.  Of  the  two  palladiums,  Pd35  would  appear  to 
have  contained  so  much  impurity  as  to  have  behaved  almost  like  an  alloy. 
The  two  alloys  take  up  quite  independent  positions  compared  either 
with  the  purer  metals,  or  with  themselves,  tending  more  to  parallelism 
with  the  axis  of  temperature.  In  this  connection  I  may  mention  that 
I  constructed  and  used  once  or  twice  a  carbon  thennometer ;  in  its  case 
the  resistance  diminished  as  the  temperature  rose  (a  result  already 
known),  and  its  "  plot "  departed  still  farther  from  the  pure  metals 
than  the  alloys  do,  its  a  being  -  '08048. 

The,  magnetic  metals  present  the  most  striking  curves,  being  at  first 
sight  quite  unlike  any  of  the  others.  But  on  closer  inspection  we  shall 
find  that  this  is  not  so,  and  in  fact  they  give  the  clue  to  the  general 
connection  between  resistance  and  temperature  in  metals.  The 
magnetic  metals  and  gold  were  found  to  have  negative  values  of  S. 
Now,  if  we  examine  the  curves  of  the  other  metals,  they  will  all  be 
found  concave  towards  the  axis  of  temperature,  for  the  arcs  extending 
from  the  boiling  point  of  water,  through  the  freezing  point,  down  to 
the  boiling  point  of  oxygen ;  while  below  the  boiling  point  of  oxygen 
these  curves  are  convex  to  this  axis.  On  the  other  hand,  gold  and  the 
magnetic  metals  are  already  convex  to  this  axis  from  the  boiling  point 
of  water  to  the  lowest  temperature  reached. 

This  leads  me  back  to  the  research  made  by  Professor  Fleming  and 
myself  in  1896*  on  the  electric  resistance  of  mercury,  in  which  we 
were  able  to  observe  the  resistance  of  the  metal  from  far  below  its 
melting  point,  and  considerably  above  it  when  in  the  molten  state. 
The  curve  connecting  the  resistance  of  mercury  with  temperature, 
throughout  this  range,  including  the  change  of  state,  was  somewhat 
like  the  disused  old  English  /,  the  temperature  being  measured  hori- 
zontally to  the  right,  and  the  resistance  vertically  upwards.  In  the 
present  instance,  though  in  different  circumstances,  this  same  curve 
reappears. 

For  platinum,  silver,  copper,  palladium,  and  the  alloys  these 
experiments  include  a  part  of  the  curve  (fig.  1)  starting  from  (say)  P, 
passing  through  I,  the  point  of  inflexion,  and  through  Q  down  towards 
the  absolute  zero ;  whereas,  in  the  case  of  gold  and  the  magnetic 
metals,  the  corresponding  part  of  the  curve  begins  below  I,  (say)  at  Q, 
and  proceeds  thence  towards  the  absolute  zero.  Professor  Callendar, 
from  former  experiments  of  Professor  Fleming  and  myself,  had  noticed 
this  behaviour  in  the  case  of  platinum,  t 

The  eight  observations  below  the  boiling  point  of  hydrogen  are 
shown  in  Plate  10. 

*  *'  On  the  Electric  Resistivity  of  Pure  Mercury  at  the  Temperature  of  Liquid 
Air,"  *  Eoj.  Soc.  Proc.,'  vol.  60,  p.  76. 
t  *  Phil.  Mag.,'  vol.  47,  pp.  218,  222. 
VOL.  LXXIIL  1 
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It  is  clear  that  in  no  caae  can  aiij'thing  paraUoIio  connect  imitftiicei 
and  temperatures  ranging  from  the  }»oiling  point  of  water  to  tliat  of 
hydrogen.  Just  as  we  seek  for  a  circle  of  curvature  at  any  point  of  a 
curve,  so  in  the  present  case  we  may,  at  a  point,  or  over  a  short  range 
of  the  /  seek  for  an  approximate  parabola ;  but  any  such  parabola 
will  be  of  no,  or  little,  use  for  extrapolation.  I  have  mentioned  that 
the  value  of  r  for  my  platinum  (Callendar)  parabola  is  about  2*5, 
whereas  observers  at  high  temperatures  finds  its  value  about  1*5  for 
pure  platinum.  Such  differences  have  been  found  by  others  also,  but 
they  do  not  seem  to  have  attracted  attention.  On  looking  at  fig.  2,  we 
shall  find  the  discrepancy  easily  accounted  for.  The  portion  ABCD  of 
the  curve  represents  roughly  (on  a  much  reduced  scale,  in  order  to 
show  the  curvature  more  clearly)  the  curve  of  P27,  given  in  Plate  1. 
The  points  B,  D,  E,  represent  the  boiling  points  of  oxygen,  water,  and 
sulphur ;  and  C,  F,  represent  the  freezing  points  of  water  and  silver. 

Fig.  2. 
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If  parabolas  with  vertical  axes  (Callendar)  be  described  through  the 
points  (1)  B,  C,  D;  (2)  C,  D,  E;  (3)  C,  D,  F,  they  wiU  be  different, 
since  the  curve  of  observation  is  not  itself  parabolic.  In  the  case  of 
these  parabolas,  where  the  resistances  at  C  and  D  are  common  to  all, 
the  product  of  8  and  the  parameter  (P)  of  the  corresponding  parabola 
is  constant;  hence  the  smaller  8  becomes,  the  more  open — or  less 
curved — will  be  the  parabola  along  the  arc  we  have  to  deal  with.  This 
result  is  in  accordance  with  the  curve  in  fig.  2,  and  explains  why,  as  I 
have  already  pointed  out,  the  two  parabolas  for  high  and  low 
temperatures  are  not  only  different,  but  also  may  differ  from  each 
other  by  any  amount,  within  certain  limits  depending  on  the  nature  of 
the  unknown  curve  of  temperature  and  resistance. 

I  am  greatly  indebted  to  Mr.  J.  D.  H.  Dickson,  M.A.,  Fellow  of 
Peterhouse,  for  help  in  the  calculation  and  reduction  of  the  observa- 
tions. 


"Physical  Constants  at  Low  Temperatures.  (1) — The  Densities 
of  Solid  Oxygen,  Nitrogen,  Hydrogen,  etc.*'  By  Professor 
James  Dkwar,  M. A.,  LL.D.,  D.Sc,  F.R.S.  Received  March  9, 
—Read  March  17,  1904. 

1.  The  following  experiments  on  the  solid  densities  of  oxygen, 
nitrogen  and  hydrogen  were  carried  out  as  part  of  a  former  investiga- 
tion dealing  with  gaseous  densities  at  low  temperatures.*^ 

The  method  adopted  was  to  measure  the  volumes  of  the  gases 
sucked  into  a  cooled  space  of  known  capacity,  when  the  temperature 
was  such  as  in  the  first  place  to  induce  liquefaction  and  finally 
solidification.  For  such  experiments  to  be  successful  the  rate  of 
liquefaction  and  the  cooling  must  be  under  thorough  control,  other- 
wise the  cooled  space  may  not  get  completely  filled  with  solid. 
Further,  the  volume  of  gas  condensed  ought  to  be  as  large  as  possible, 
in  any  case  about  20  litres,  in  order  to  diminish  errors  inseparable 
from  the  mode  of  manipulation.  The  inertia  of  the  bell-jars  of  the 
large  gas-holders  causes  some  variation  in  the  pressure ;  and  errors  of 
their  calibration,  and  want  of  uniformity  of  temperature  in  the  mass 
of  gas,  are  all  important  factors.  As  my  object  was  to  ascertain 
experimentally  the  limiting  density  in  the  solid  state,  the  elimination 
of  these  variations  was  not  so  important  as  it  would  have  been  for  the 
study  of  fluid  density. 

The  dry  purified  gas  was  contained  in  a  gas-holder  connected  by  a 
pipe  with  a  glass  bulb  of  20  or  30  c.c.  capacity,  sealed  to  a  narrow 
tube    some  10  cm.  long,  with  a  glass  stop-cock  at  the  end.      The 

*  '*  The  SpeciSc  Volumes  of  Oxjgen  and  Nitrogen  "Vft^oxxi  «1  \Xve  '5^QfOC\Xl%^<svv^» 
of  Oxygen,"  'Roy.  Soc.  Proc./  vol.  69. 
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ghiAs  bulb  waa  immeraed  in  liquid  oxygen,  nitrogen,  or  hjdroi;ei; 
contained  in  a  vacuum- jacketed  %'esiiel  with  arrangements  for  lowemg 
the  temperature  of  tba  liquids  by  exhaustion.  The  uarrovr  tube  Ijj&X 
ahove  the  glaaa  bulb  had  a  mark  engrave*!  upau  it,  and  the  voliime 
up  to  this  point,  which  is  to  \ye  filled  with  liquid  or  solid  after  cooling 
was  antecedently  carefxillj  calibrated.  The  glass  atop-cock  on  tlie 
projectiBg  part  of  the  glass  tube  outside  the  vacuum  vessel  euabled 
the  rate  of  the  gas  supply  to  be  under  complete  coiitroL  The  r^l 
difficulties  were  those  of  manipulation. 

The  teraperatuiea  employed  were  the  boiling  point  of  oxygen, 
90' "5  ;  the  boiling  point  of  nitrogen,  77  "'5  ;  the  melting  point  of 
nitrogen,  62' -5  ;  the  boiling  poiiit  of  hydrogen,  20*  a  }  hydrogen  bailing 
under  76  mm.  of  pressure  taken  ivs  W'7  ;  and  hydrogen  {solid)  under 
10  mm.  of  pressiu^e  taken  as  13^'L 

Allowance  for  the  contraction  of  the  bidh  was  made  by  taking 
0 '000013 50  as  the  coefficient  of  contraction  (cubical)  of  the  glass.  It 
is  possible  that  in  going  to  very  low  temperatures  (below  -  200"  C), 
this  coefficient  ought  to  lie  less,  such  as  0'0000^25«  An  estimate  made 
of  the  differetice  1  jet  ween  the  two  would  come  within  the  rmnge  of 
errors,  consequently  the  former  v^alue  which  was  adopted  in  the  earlier 
investigations  was  retained. 

The  weight  of  1  litre  of  oxygen  at  0'  C*  under  760  mm.  pressure 
was  U^iken  as  1-430  gramines,  of  nitrogen  as  1"2564  grammes,  and  of 
hydrogen  ^vs  0*0899  gramme. 

The  observations  and  results  are  given  in  the  following  tables  : — 

Table  L— Oxygen, 


I  No. 


Deacrtption. 


AtB.P.  ofO,.  -182-5 
At  B.I',  of  N„  -195-5 
At  M.P,  of  X,.l  -210  5 
AtB.P.  of  11  .    *  -:i62-5 


r. 


T. 


1&-631 
21  74:4 
(solic]) 


T. 

/»' 

d. 

nmi. 

14  4 

758-6 

1  1181 

14^4 

758  5 

I  ITOU 

14-55 

75**  6 

I  2336 

14  6 

75a  5 

1  4556 

I 


Where  T*  —  the  temperature  Centigrade  of  the  condensed  gas  in  the 
flaak  at  the  time  of  observntion. 
V  =  vohuue  of  gits  in  litres  at  temper^iture  T'  C.  and  pressure 

p.  mm. 
'/  =  density  of  the  condensed  gas  at  T"  C 

The  volume  of  tbe  H-isk  at  15°  C.  was  23-9212  c.c. 
Coefficient  of  expansion  of  glass,  taken  as  0^0000250. 
Weight  of  1  litre  of  oxygen  at  0  C.  muV  I^Ci  mm.,  taken  as  1*450 
mmmes. 
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No. 

Description. 

T'. 

V. 

T. 

P- 

d. 

mm. 

I 

AtB.P.of  N.. 

-195-5 

15  192 

16  1 

747 

0-8042 

2 

At  M.P.  of  N. . 

-210-5 

16-592 

15-95 

747 

0-8792 

3 

AtB.P.ofN.. 

-252-5 

18-911 
1  solid) 

14-65 

761 

1-0265 

The  same  notation  is  used  as  in  Table  I. 

The  volume  of  the  flask  at  14' -2  C.  was  22  1454  c.c. 

Coeflicient  of  expansion  of  glass,  0 '0000250. 

Weight  of  1  litre  of  nitrogen  at  0'  C.  and  760  mm.,  1-2564. 


Table  III.— Hydrogen. 

No. ,      Description. 

T'.              V. 

T. 

P- 

rf. 

1 
2 
3 

AtB.P.ofH  .. 
H.  under  76  mm. 
H  under  10  mm. 

-252°-5     ,     18-051 

-258-29  1     19-447 

-259-9     1     19-597 

1     (solid) 

1 

14-6 
14-3 

mm. 
760 
760 
762 

0  07004 
0  0754^ 
0-0763 

The  same  notation  is  used  as  in  Table  I. 

The  volume  of  the  flask  at  14'-2  C.  was  221454  c.c. 

Coefficient  of  expansion  of  glass,  0*0000250. 

Weight  of  1  litre  of  hydrogen  at  0**  C.  and  760  mm.,  taken  as 
0-0899. 

2.  It  is  of  advantage  to  estimate  the  effects  of  an  error,  or  of  any 
reading  that  may  have  been  taken  roughly.  Taking  the  notation 
already  employed,  and  putting  w  for  the  weight  of  1  litre  of  the  gas 
at  0**  C.  and  760  mm.,  then  the  weight  of  gas  used  is 


W 


V;>273 


w\ 


760  (2'73  4-  T) 

and  if  Vo  l)e  the  volume  of  the  flask  up  to  the  mark  at  some  ordinary 
temperature  To"  C,  and  V  its  volume  at  T  the  temperature  Centigrade 
of  the  observations,  then 


V 


'iT^To' 


where  ft  is  the  cubical  coeflicient  of  expauaiou  oi  tii^  ^^%« 
the  density  of  the  substance  at  the  time  oi  obaervaXivoiv  \a 


^'WSNR,^^ 


^  ^^ 


256 


Prof.  J. 

Pewar. 

u. 

rfc. 

28- 

003444 

29 

003420 

30 

0-0339r. 

31 

0-03370 

32 

0-03346 

33 

003321 

34 

0-03296 
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l^ise  hydrogen  denaitiea  m  very  cloBcly  iii  agreeraent  with  facta,  the 
density  at  the  boiling  point  coinciding  nearly  with  my  former 
deternii  nations. 

4.  Aseiinung  that  vapour  densities  at  very  low  teiaperatiires  may  he 
acglect'cd  in  comparison  with  con*e8ponding  liquid  densities,  the 
Slutthias  diameter  enables  us  to  approximate  to  the  molecular  volumes 
of  the  condensed  gases  at  the  absohite  zero.  For  U  d  =  a  —  hi  })e 
the  equation  of  Matthias's  diameter,  then  d  ^  2a  -  2hi  is  very 
approximately  the  t^uigent  of  the  liquid  density  curve  near  the 
absolute  zero,  and  therefore  1/2^  is  the  specilie  vohime  at  absolute 
zero. 

Hence  from  the  above  equations  for  Matthias's  diameter,  if  Vq  =  the 
molecular  volume  at  absolute  zero,  we  have  V^  =  21*21  for  oxygen, 
Vo  =  25*49  for  nitrogen,  and  Vo  =  2418  for  hydrogen.  The  oxygen 
and  nitrogen  molecular  volumes  at  absolute  zero  probably  err  by 
defect ;  but  the  hydrogen  result  must  be  taken  as  very  neiir  the  true 
value. 

We  may  compare  these  values  with  the  residts  of  theoretical  inves- 
tigation. Guldberg*  gives  for  the  molecular  volume  at  zero  of 
oxygen  21*5,  and  of  nitrogen  23*6;  and  Berthelot'st  values  for  the 
same  gases  respectively  are  20*8  and  25*0.  From  Baly  and  Donnan's  J 
equations  for  oxygen,  nitrogen,  carbonic  oxide  and  argon,  deduced 
from  observations  within  the  range  of  temperature  69" — 90"  absolute, 
we  find  the  following  values  for  the  molecular  volumes  at  absolute  zero : 
oxygen  20*30 ;  nitrogen  24*04 ;  carbonic  oxide  24*54 ;  argon  20*34. 

Again,  the  Waterston-Avenarius  formula  connecting  temperature 
and  fluid  volume,  namely, 

V  =  c--t/log(A-/) (6), 

where  A  is  the  critical  temperature,  gives  the  following  equations, 
from  Baly  and  Donnan's  results, 


•  *Zeit.  f.  Phys.  Cliem.,'  1895,  vol.  16,  p.  7. 

t  *  Comptes  Rendus,'  March,  1900. 

t  *  Journ.  Chem.  Soc.,'  July,  1902,  pp.  911—914. 
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Oxygen v  =  1-9305  -  0-5838  log  (154-/), 

Vo  =  20-90,     eld  =  3-3. 

Nitrogen     v  =  2-5659 -0-7868  log  (127 -/), 

Vo  =  25-80,     cjd  =  3-27. 

Carbonic  oxide v  =  26181  -  0-7948  log  (133  - 1\ 

Vo  =  26-04,     cjd  =  3-29. 

Argon V  =  1-6331 -0*5026  log  (155- 0, 

Vo  =  21-30,    eld  =  3-70. 

bis  same  formula  has  been  adopted  by  Mallet  and  Friderich,* 
Bct  to  the  modification  that  A  is  a  unique  temperature  to  be  deter- 
jd  for  each  substance  from  experiment.  On  applying  it  to  twenty- 
substances,  studied  by  Sydney  Young,  they  find  that  A  is  somewhat 
er  than  the  critical  temperature  and  that  cjd  is  always  very  neariy 
il  to  378.  Baly  and  Donnan*s  observations  give  rise  to  these 
erston-Mallet  equations : — 

Oxygen  v  =  3-88413- 1-3604  log  (253-/), 

Vo  =  19-68,     cjd  =  2-86. 

Nitrogen     t;  =  31563   -  1-0560  log  (143*67 -/), 

Vo  =  24-58,     cjd  =  2-99. 

Carbonic  oxide  ...     v  =  4-60090 -  1-64207  log (191*1  - /), 
Vo  =  23-94,     cjd  =  2-80. 

Argon     V  =  0-98285 -0-19263  log  (112-4 -/), 

Vo  =  23-52,     cjd  =  5-10. 

''ith  assumed  values  for  A,  in  the  neighbourhood  of  the  range  of 
perature  in  which  we  look  for  the  critical  temperature,  two 
erston-Mallet  formulae  were  constructed  for  hydrogen  based  on  the 
Its  of  Table  III,  namely  : — 

V  =  23-22  -  7-536  log  (36-5  -  /),     Vo  =  2290, 

V  =  26-83  -  9-592  log  (41-5  -  /),     Vq  =  22-62. 

ssuming  that  for  liquids  Vanider  Waals's  equation  may  be  written 

^,-=",    (7). 

ssumption  which  has  been  employed  by  G.  N.  Lewis t  and  others, 
results   of    Table   III    give   for    hydrogen,  with   this   equation, 
1*56  and  hence  Vo  =  23'12. 
or   comparison   these   values   may   be   arranged  in  tabular  form 


•  'Arch.  Sci.  Phys.  et  Nat.,'  July,  1902. 

t  *  Amer.  Acad.  Arts  and  Sci.,*  1900,  vol.  35,^^.1-— ^1, 
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O. 

N. 

H.             CO. 

Arg. 

Prewnt  expeiimenU 

21-21 
21-60 

20-8 
20-30 
20^90 
19  68 

:; 

25 '40 
23-6 
250 
24-04 

25 -SO 
24  58 

24*  IB 

22-00 
22-62 
23-12 

24 '54 
28-0* 
23 -M 

20-34 
21-80 
23-53 

B«rthdot 

Balv,  Watervton .,,,.... 

BalT,  W.MaU^fc ,,  ., 

W.Miillet,  for  H 

W.-Mallet,  for  H..., 

The  two  Waterston-Mailet  results  for  hydrogen  are  of  impoitance  as 
showing  that  even  great  vaiiations  in  the  valuo  of  A  aflfect  but  Uttle 
the  zero  molecular  volume.  It  is  flutter  to  be  remarked  that  the 
hydrogen  results  claim  precedence  over  the  others  because  they  have 
been  obtained  from  obaervations  extending  down  to  aome  1 4"  absolute. 
Moreover,  the  value  24^18  for  hydrogen  has  been  got  directly  from 
experiment,  whilst  the  other  values  have  been  obtained  from  semi- 
theoretical  equations  whose  validity  is  subject  to  eome  doubt. 

5.  With  these  values  for  the  molecular  volumes  at  absolute  zero  of 
oxygen,  nitrogen  and  hydrogen,  namely  21*21,  25-49  and  24*18  respec- 
tively, and  knowing  that  the  molecular  volume  of  ice  at  absolute  zero 
is  19'21  and  of  carbonic  acid  is  25*7  as  deduced  from  a  study  of  the 
coefficients  of  expansion  at  low  temperatures,*  we  can  find  the  con- 
traction or  expansion  on  the  assumed  hypothetical  production  of  these 
compounds  from  their  elements  at  the  zero  of  temperature. 

Thus  100  volumes  of  mixed  solid  hydrogen  and  oxygen  become 
after  combination  55*22  volume  of  ice,  or  there  is  a  contraction  of 
45  per  cent.  This  is  of  the  same  order  of  magnitude  as  for  N^O  and 
Li20,  whose  contraction  from  solid  oxygen,  solid  nitrogen  and  metal 
amounts  to  60  per  cent.  On  the  other  hand  the  production  of  carbonic 
acid  from  diamond  (Vq  =  6*82)  or  graphite  (Vq  =  10*44)  and  solid  oxygen 
gives  in  the  former  case  a  slight  expansion  of  4 J  per  cent.,  but  in  the 
latter  case  a  slight  contraction  of  3  per  cent. 

The  case  of  carbonic  oxide  (Vo=  24*5)  is  interesting;  produced  from 
diamond  and  oxygen  it  expands  by  74f  per  cent.,  and  from  graphite  and 
oxygen  it  expands  by  54f  per  cent.,  but  on  the  addition  of  another 
atom  of  oxygen  the  resulting  product,  carbonic  acid,  undergoes  a  con- 
traction of  27  per  cent. 

6.  Berthelott  made  a  minute  examination  of  the  values  of  d{pv)/dp  in 
reduced  co-ordinates  for  eight  substances  whose  critical  temperatures 

•  "  Coefficients    of  the   Cubical  Expansion  of    Ice,   Hydrated   Salts,    Soluble 
Carbonic  Acid,  and  other  Substances  at  Low  Temperature,"  'Roj.  Soc.  Proc.,* 
W.  73. 

"Surles  Thermom^tres  k  gaz.  Trav.  et  M^m.  Poids  et  Mesures,"  toI.  13. 
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a  temperature  as  20''*5  for  oxygen  we  may  consider  its  gaseous  density 
to  be  practically  negligible.  Hence  one  point  on  Matthias's  rectilineal 
diameter  for  oxygen  will  be,  at  20°  5,  a  density  equal  to  0*7128,  the 
half  of  that  given  in  No.  4,  Table  I.  In  former  papers  I  found  the 
density  of  liquid  oxygen  at  its  boiling  point  to  be  ri38,  and  of 
gaseous  oxygen  at  the  same  point  to  be  0*00440 ;  half  the  sum  of  these 
is  0*5712,  which  gives  another  point  on  Matthias's  diameter  at  90*5". 
Thus  Matthias's  diameter  for  oxygen  is 

d  =  0*7543-0*002023/  (3), 

and  taking  the  critical  temperature  as  155"  absolute,  we  get  the 
critical  density  to  be  0*4407,  agreeing  notably  with  the  usually  accepted 
value  0*44.  The  inference  from  this  is  that  the  density  of  solid 
oxygen  at  the  boiling  point  of  hydrogen  is  1  *4256. 

The  results  for  nitrogen,  taken  at  three  temperatures,  do  not 
warrant  the  deduction  of  a  linear  relation  between  d  and  /,  especially 
as  on  plotting  the  observations  the  concavity  of  the  liquid  density 
curve  though  slight  is  quite  apparent.  However,  there  are  two 
observations  at  temperatures  so  low  that  the  corresponding  gaseous 
densities  may  be  neglected,  thus  enabling  us  to  construct  a  Matthias 
diameter.  At  the  boiling  point  of  hydrogen,  the  ordinate  of  the 
Matthias  line  is  therefore  very  nearly  j  (1*0265)  =  0*5133;  similarly 
at  the  melting  point  of  nitrogen  the  ordinate  is  \  (0*8792)  =  0*4396. 
Hence  the  Matthias  diameter  is 

c/ =  0*5492-000175/    (4), 

which  for  the  critical  temperature  127'  gives  the  critical  density  as 
0*3269.  This  agrees  very  well  with  the  value  deduced  by  Matthias* 
from  Wroblewski's  liquid  densities,  namely  0*333,  though  it  is  some- 
what higher  than  the  value  0*299  which  he  deduced  from  the  theory  of 
corresponding  states.! 

Only  three  observations  have  been  obtained  for  hydrogen,  which 
again  lie  nearly  on  a  straight  line,  but  nevertheless  present  a  very 
slight  concavity  to  the  axis  of  temperature.  If  we  treat  the  two 
lowest  densities  as  we  have  done  with  nitrogen,  we  get  for  the 
Matthias  diameter  the  line 

d  =  004136-0*000247/ (5), 

whence  the  annexed  table  (p.  256)  of  critical  densities  according  to  the 
temperatures  chosen  for  the  critical  temperatures.  Berthelot  gives  an 
estimate  for  the  critical  density  as  0*033,  and  quotes  Wroblewski's 
critical  temperature  as  33"*,  two  results  closely  in  accord  with  the 
numbers  in  this  table.      We  are,  therefore,   justified  in   considering 

*  '  Mem.  Soc.  Eoj.  des.  Sci.  de  Liege/  3rd  Series,  1899. 
t  *  Le  point  critique  des  corps  purs,'  p.  176. 
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gives 


10-8801 
30 


-  55*08  Hnd  the  critical  doustty  as  0'0285^ 


J 


a  result  midway  between  that  got  from  Giildl>erg'§  ratio  and   tint 
derived  from  Yumig'si  reduced  fluor-ljenzeiie. 

Fiiither  experiaiental  results  can  l>e  limught  to  l>ear  on  the  questJcmr 
I  ha%'e  recently  measured  directly  the  heat  of  vapori&ation  of  liqiiui 
hydrogen  at  the  boiling  point  and  find  it  to  be  not  more  than  121 
calories  per  gramme.  Assuming  the  Kankiue  equation  logio/J  =  A  -  li>% 
the  molecular  heat  of  vaporisation  is  2B  log«  10.  Hence  we  g^j 
B  -  54-34783;  and  determining  A  from  the  values  of  p  and  i  at  tkfij 
boding  point  we  have  in  atmosphere 8^ 


log.;.  =  54.34783(3^^^-1). 


Jfow,  at  the  critical  point  we  have  found  te  —  304  pe,  hence  combirun 
these  residts  we  have  finally, 

l^c  ^  33'88^  and  thence  j>t  =  11  145  atmoiipheres. 

Before  leaving  these  reaults  we  may  write  the  Rankine  equation  in 

Van  der  Waals^a  f^^rm^  namely. 


'!og€  - 


54  34783  l-m 


where  <  and  m  are  the  reduced  pressure  and  tempernturei  and  Van 
der  Waals^s/is  54'34783/^(,,  or  with  the  above  residt,  1 '604^  about  half 
the  usual  vahie  of  /  In  like  manner  Trouton'a  constant,  namely^ 
the  ratio  of  the  molecular  latent  heat  to  the  absolute  temperature 
of  the  boding  pointi  is  12o/20"5  or  6'096,  again  only  about  half  the 
usual  value. 

In  this  connection  we  may  refer  to  Olzewski's  experimental  observa- 
tion of  the  temperature,  192'  absolute,  at  which  the  Joule-Thomson 
effect  vanishes  when  the  expansion  is  from  a  great  pressure^  in  this 
instance  between  110  and  117  atmospheres.  With  the  usual  Van 
der  Waals^s  notation  we  may  express  the  conneetion  between  this 
inversion  temperature  and  the  critical  temperature  in  either  of  the 
forms, 

'=l'(VT'- <»)• 

or  

'=<i+Wi-l;y-^- (10). 

the  former  equation  shows  that  for  small  preseurea  and  consequent 
values  of  v  so  great  that  h  may  be  neglected  in  comparison  with  ^, 
the  critkal  temperature  i^  4/27  of  the  temperature  of  inversion.     But 


.....^,r^k.i>a"-'T"m"''^"_ 


,  iKl 
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"  On  a  Criterioa  which  may  serve  to  Tmt  varioits  Theories  i*f 
Inlierifcuace."  By  Karl  I^karron.  F,H.B.,  Uiiivi^mty  College, 
London,     BecDived  March  4,— Kead  March  17,  1904* 

(1^  One  of  the  most  difficult  problems  in  the  trentraent  of  heredity 
is  that  of  ol) tuning  a  satisfactory  cdt^rioii  which  will  eiifible  iis  to  dis- 
tinguish the  truth  or  falsehood  of  varioiis  hypotheses.  As  a  rtile,  jdl 
the  mteriii  used  have  lieeu  kiisud  upon  a  determinalion  of  the  type  of 

offspring  ilne  to  parents  \A  a  tweeted  types,  Unfortunaiefly  such  a 
method  of  appi^oaching  the  prolilem  of  heredity  fttils  wholly  to  vf^<i\i 
Boma  of  the  most  importttnt  modern  theories*,  for  the  rejieon  that  ih^« 
theories  start  from  the  asauinption  that  the  type  of  the  ofepHng  b 
not  any,  or  at  least  any  preei&e  and  simple  funcliou  of  the  pai\^nUJ 
type-s.  The  type  is  said  tu  be  a  fActor  which  at  present  can  only  \vt 
determined  liy  direct  oljsor\'ation  or  by  experimental  crossing* 

Mr.  Gallon  in  hia  *  Natural  InheritKance,'  it  is  true,  used  the  tenn 
**  midpjirent "  to  denote  an  indiTidunl  compounded,  in  a  simple  waj, 
from  the  two  parental  types,  and  giving  offs^pring  of  a  definite  typr. 
In  generrtiising,  however,  Mr.  ftiLhon's  conceptions  in  mv  "  Law  of 
Ancestral  flere<lity/'*  1  pnrpoj^ely  placed  licforo  myself  the  aim 
of  redueitig  the  theory  to  a  purely  statistical  theory,  and  discanlai 
entirely  the  conception  ihut  the  tyjie  of  oftkpriog  wa*?  settled  hy  the 
pirentid  types.  The  gcnendised  midfmreiit  of  any  genera tioti  Itecanie 
a  eomjMiund  of  the  tltiinhona  from  type  of  the  itncestry  of  th;tt 
generation,  and  no  assumption  was  madt?  iii^  to  any  inheritance  of 
ahsolvite  type  ;  the  theory  Wcanie  purely  a  statistical  theory  of  the 
distribution  in  various  generations  of  the  deviations  from  type.  At 
a  somewhat  hiter  date  the  Mendclians  gave  up  the  conception  that 
the  type  of  the  offspritig  was  known  from  the  parental  typps.  The 
actual  cifi'ct  of  crosdng  two  infliv  idnrds  was  compared  to  the  format ioo 
of  a  chemical  LOinpomidj  the  character  of  which  could  not  ir  pntm 
he  predicted  from  the  known  nature  of  the  components.  It  \v;ts  Sk 
matter  to  l*e  <letermined  by  observation  or  experiment  only.  With 
this  wider  view  the  original  MendeUEin  theory  of  "  dominant "  and 
"  recessive ''  characters  has  disapi)eared,  and  that  theory  has  thtis  far 
approximated  itself  to  the  ^*  Ancestral  Law," 

[n  a  t^ccond  paper  communicated  to  the  Royal  Society t  entitle<i  the 
**  Law  of  Kever^ioUj"  I  endeavoured  to  work  ont  a  general  theory  t*i 
alternative  inheritance,  on  the  hypothesis  that  a  certain  number  of  the 
ofts]>iing  were  for  any  character  like  one  or  other  parent  or  like 
some  one  or  other  anccBt^^^tr,  the  proportions  of  oft  spring  like  aaeestral 
types   tlindniahing   in   number    with   the   distance  of  descent.     This 

♦  '  Koj>  Soo.  Proc.;  ^oL  t\2,  pp.  387  md  388- 
t  *  Boy,  Soc,  Proe.;  ^o^.  6&,  v.  \^^  et  ser^. 
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theory  was  developed  with  special  reference  to  certain  characters  in 
man  and  hound,  which  were  said  to  be  alternative,  i.e.,  the  offspring, 
if  the  parental  types  were  different,  took  after  one  or  other  parent. 
Quite  recently  Dr.  Franz  Boas*  has  published  a  very  suggestive  paper 
on  ''Heredity  in  Head  Form."  He  propounds  a  theory  that  the 
cephalic  index  in  man  is  a  case  of  alternative  inheritance,  and  that 
the  offspring  take  after  one  or  other  parent.  His  theory  is  less  general 
than  my  theory  of  1899,  because  he  excludes  from  consideration  the 
reversion  to  grandparents  or  higher  ancestry.  It  is  more  general 
than  mine,  in  that  he  assumes  imperfect  and  not  perfect  correlation 
between  the  groups  of  offspring  and  the  individual  parents  whom  they 
respectively  follow.  This  I  consider  a  distinct  gain.  But  the  neglect 
of  ancestry,  other  than  the  immediate  parents,  renders  the  application 
of  his  theory  to  so-called  Mendelian  phenomena  absolutely  impossible. 
Thus,  when  a  white  mouse  is  crossed  with  a  grey  mouse  the  hybrid 
generation  can  hardly  be  considered  as  made  up  of  two  groups  taking 
respectively  after  white  and  grey  parents.  In  the  following,  or 
segregating  generation,  it  is  possible  to  consider  the  groups  as  a  result 
of  reversion  to  grandparental  or  higher  ancestral  types;  it  is  not 
possible  to  deal  with  them  on  Dr.  Boas's  more  limited  theory.  Hence, 
I  think  he  errs  in  terming  his  theory  a  generalised  form  of  Mendel's 
Law.  It  is  a  theory  of  alternative  inheritance,  and  no  such  theory 
which  stops  at  resemblance  to  the  paternal  and  maternal  types  can 
describe  the  fundamental  phenemenon  of  segregation  in  the  second 
generation.  We  must  deal  with  reversion  to  higher  ancestors,  whether 
such  reversion  be  physiologically  brought  about  by  the  purity  of  the 
gamete  or  by  any  other  process. 

A  general  theory  of  alternative  inheritance  may  cover  Mendelian 
phenomena ;  a  theory  of  the  individual  dominance  of  either  parent  in 
one  or  another  group  of  offspring,  a  theory  of  what  I  have  defined  as 
intermittent  unit  prepotency,  cannot  do  so.t  Still,  Dr.  Boas  considers 
that  he  has  evidence  for  his  theory  in  the  inheritance  of  cephalic 
index  in  man,  and  it  seems  to  me  that  his  paper  indicates  the  maimer 
in  which  it  may  be  possible  to  still  further  generalise  my  results  of 
1899.  It  is  clear,  however,  that  we  badly  need  some  criterion  to 
distinguish  between  these  competing  theories  in  the  case  of  measure- 
ments of  the  inheritance  of  any  given  character.  Since  none  of  the 
three  theories  referred  to  is  essentially  based  on  the  determination  of 
the  type  of  the  offspring  from  the  parental  types,  J  we  are  thrown  back 

•  '  The  American  Anthropologist '  (N.S.),  vol.  5,  pp.  530—538. 

t  *  Biometrika,'  vol.  2,  p.  889. 

X  I>r.  Bo-18, 1  think,  has  not  fully  understood  my  theory  of  the  midparent.     He 
repeatedly  speaks  of  the  mid  parental  value  of  a  character  and  of  the  ofispring 
clustering  round  this  value  on  the  theory  of  "  G-alton  and  Pearson."   There  is  abso- 
lutely no  antagonism  between  my  theory  and  the  AtatuTQ  oi  lL\act\wi-^\«^'^'W!^ 
half-bloods  exceeding  both  parental  types.      My  midpMexvt  \a  \>«ao^  «c^^  ^'^ 

\5  <! 
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on  a  consideration  of  tha  variahnjt]^  of  the  offspring  dtie  to  parentii  of 
^ven  ty]3es.  Luckily  the  three  theories  give  us  totally  different  valnes 
of  the  variability  of  an  army  of  offapriiig  due  to  parents  of  given 
tjrpes,  and  we  have  in  this  question  of  variability  a  onidal  test  of  the 
applicability  of  one  or  other  of  the  theories  to  the  inheritance  of  a 
given  character. 

Ill  order  to  hring  this  point  out  I  must  briefljr  eongider  the 
variability  of  artaj^s  of  offspring  under  the  three  theories. 

(2)  Variability  of  an  array  of  offspring  on  the  pure  statistical  theory 
developed  as  the  "  Law  of  Ancestral  Heredity," 

If  cr^  be  the  standard  deviation  of  the  offspring,  say  of  one  sex^  pj^ 
their  correlation  with  father^  pmt  with  mother  and  p/m  the  coefficient  of 
assortative  mating,  then 

is,  whatever  be  the  nature  of  the  frequency  distribution  provided  the 

regression  l^e  linearf  the  mean  of  the  standard  deviations  of  all  the 
arrays  due  to  parents  of  given  types.  If  the  chiiracters  be  flistribute(i 
jfcccording  to  the  normal  law  of  deviation,  then  -  will  not  only  Ije  the 
mean  of  all  the  array  standard  deviations,  but  the  actiuil  ^tiuidard 
deviation  of  each  array.  If,  therefore,  the  character  selected  be  in  each 
generation  distributed  according  to  the  normal  law,  we  should  expect  to 
find  that  if  we  take  all  pairs  of  given  types,  the  offspring  due  to  such 
pairs  will  have  a  variability  given  with  reasonable  closeness  by  the  alx)ve 
result.  If  we  deal  with  all  the  offspring  due  to  fathers,  say,  of  a  given 
type,  the  mean  standard  deviation  of  the  arrays  will  be  a-c  J{1  -  prc')i 
and  in  so  far  as  the  distributions  are  approximately  normal  the  standard 
deviations  of  all  arrays  will  be  the  same.*  Hence  arises  the  importance, 
when  we  use  2  as  the  variability  of  the  offspring,  of  showing  that  the 
regression  for  the  given  character  is  linear,  and  that  the  frequency  is  not 
widely  divergent  from  a  normal  distribution.  These  points  were  dealt 
with  by  Mr.  Gal  ton  in  his  very  first  investigation  of  the  subject.  He 
actually  considered  in  the  case  of  stature  whether  some  of  the  offspring 
followed  the  father  and  some  the  mother,  and  showed  that  -  did  not 
vary  sensibly  from  array  to  array. t  Subject,  therefore,  to  a  demon- 
stration for  each  character  that  the  frequency  is  approximately  normal 
and  the  regression  linear,  we  see  that  the  purely  statistical  theory  of 

deviations  from  type  ('  Roy.  Soc.  Proc.,'  vol.  62,  p.  387),  and  the  offspring  type 
itself  may  be  wholly  different  from  both  parental  types,  exceeding  or  falling  short 
of  them. 

•  The  property  that  2  is  the  mean  of  the  standard  deviation  of  all  the  avravs 
was  first  stated   by  Yule,  *  Roy.  Soc.  Proc.,'  vol.  60,  p.  477,  for  the  case  of  linear 
regression. 
f  'Natural  Inheritance,*  pp.  89—^,  and  Table  10,  p.  207.     This  investigation 
seems  to  have  escaped  Dr.  Boa«*,  see  ?oc.  cat.,  p.  b^. 
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heredity  summed  up  in  the  "  Law  of  Ancestral  Heredity  "  would  assert, 
that  the  offspring  of  all  parents  of  a  given  type  would  have  a  constant 
variability,  whatever  that  type  might  be. 

(3)  MendeVs  TJiemy. — If  we  take  as  a  fair  sample  of  this  theory  the 
generalised  Mendelian  theory,  discussed  by  me  in  a  recent  comraimica- 
tion  to  the  Society,  and  now  published  in  the  *  Phil.  Trans.,*  we  find  that 
this  constancy  of  the  standard  deviation  of  the  array  is  no  longer  true. 
It  only  becomes  true  if  the  number  of  Mendelian  couplet-s  on  which 
the  character  depends  is  indefinitely  great.  In  other  cases,  while 
rr^  J{\  -  p/e^)  is  Still  the  mean  of  the  standard  deviations  of  the  arrays, 
the  actual  value  of  the  standard  deviation  alters  sensibly  and  con- 
tinuously as  we  cross  the  correlation  table,  always  tending  to  increase 
in  one  direction  and  decrease  in  the  other.  Clearly  we  have,  as  I  have 
pointed  out  in  the  paper  referred  to,  an  excellent  criterion  here  between 
the  two  theories.* 

(4)  Lastly,  let  us  turn  to  the  theory  of  individual  parental  domi- 
nance. I  will  give  the  analysis  for  this  case,  extending  and  generalising 
Dr.  Boas's  formula.  I  suppose  the  total  offspring  n  of  a  pair  of  parents 
to  be  divided  into  two  groups  wi  and  n^  in  number.  In  the  first  groups 
with  a  mean  lui  the  fathers  are  considered  as  predominant  without  the 
mothers  being  supposed  at  present  entirely  without  influence ;  in  the 
second  group  with  mean  m2,  the  mothers  are  supposed  to  have  the 
predominating  influence.  We  may  speak  of  these  two  groups,  for 
convenience  only,  as  "father's  offspring"  and  "mother's  offspring.'* 
Let  cTcj  and  a-g^  be  the  standard  deviations  of  "  father's  offspring "  and 
"mother's  offspring"  for  a  given  character  ;2r ;  let  a-f,  cr^,  ctc  be  the 
standard  deviations  of  the  fathers  for  the  same  character,  of  the 
mothers,  and  of  the  offspring  as  a  whole.  The  mean  m  of  the 
offspring  as  a  whole  will  be  given  by  m  =  {ni  Wi  4-  n2  mg)/??.  Further 
let  7\f,  Tof  be  the  paternal  offspring  correlations  for  "  father's  offspring  '* 
and  "mother's  offspring,"  and  rir„,  r2m  the  maternal  offspring  corre- 
lations for  the  same  two  groups  respectively ;  r/m  shall  be  the  coeflScient 
of  assortative  mating  between  parents,  ic,  y,  z  are  the  characters  in 
father,  mother,  and  child,  x  and  y  being  measured  from  the  parental 
means  and  z  from  some  other  origin.  Then,  if  Si  stands  for  a  summa- 
ration  of  all  the  offspring  of  the  first  and  Sa  of  the  second  class,  we 
have 

na-c^  =  111  {o-ci"  +  (^1  -  rn)'\  +  n^  [o-c^  +  (^2  -  my^) , 

or  (Tc"  =  (n^o-c^  +  n-2p-c^)ln  +  Uin^  (mi  -  m-zfln (i). 

Let  pfc  and  pmc  be  the  total  paternal  and  maternal  correlations ;  we 
have 

Pf,  =  [Si  {x  {z  -  m)]  +  So  {x  (z  -  m)]  ]l{wr/Tc) 

*  'Phil  Trans.,'  A,  vol.  203,  p.  66. 
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P.«  =  "^  ^n„+L»'^r,« Oii). 

Here  we  Lave  supposed  that  although  the  fathers  of  **fiLther'3 
offspring*'  aod  of  "motlier*s  offspring"  will,  when  weighted  with  their 
offspring,  be  unequal  in  immber  (i.f.  iti  and  «*j),  yet  their  varifibilities 
are  the  same,  and  similarly  for  the  mothers.  This  is  equivalent  to 
supposing  no  correlation  between  the  donuaajit  effect  of  a  parent  and 
his  or  her  deviation  from  type.  Otherwise  we  cannot  put  tTf  in  the  Sj 
sum  the  same  as  o/  in  tiie  S^  sum. 

We  are  now  able  to  T^Tite  down  the  general  regression  equation  of 
bi-parental  inheritance!  i-^., 

1  -  P'm/        Oy  1  -  /?%        fTffl 

where  ^^  is  the  probable  %7due  of  the  character  in  offspring  of  ]>arent^ 
of  characters  ^  am]  tj.  Hence,  if  wc  remcml>er  that  ffm  =  p/mj  wu  h^^^^' 
on  substituting  from  (ii)  and  (iii)  :— 

^  ^y  R;/r  +    -    '^  R._.  A  .r  +  M  -' '  Ri,n  +   "     -  ^2,n    y...  (IV), 

n    oy  /t    (Ty       '  /  \ji    a,,,  n  cr^^  / 

where  Rj/,  Ri,;,  are  the  bi-parental  co-efficients  0\f-  r,„f  ri,„)/(l  -  /•„/-,) 
and  {I'lrn  -  ^'tn/rif)j{l  -  r,ny\  of  the  "father's  offspring"  and  R-j/, 
Ro,/,  similar  quantities  for  the  "  mother's  offspring." 

Now,  fixing  our  attention  for  a  moment  on  *'  father's  offspring," 
we  should  expect  parents  of  characters  .c  and  y  to  produce  an  array  of 
father's  offspring  with  a  mean  : 

/xi  =  ;//i-hRi/'^'*'^  +  Ri,„  '^'''//     (V), 

and  with  a  standard  deviation  Si  given  by 

^i'-^  =  (^c-r  (1  -  /i/'"  -  r^J  -  r,nr  +  -'V^'i'"  V')/(l  "  '*'"'/)    •  •  •   (^i). 

Similarly  the  arrays  of  "  mother's  offspring"  for  parents  of  the  ■^ame 
characters  would  have  a  mean  : 

fju2  =  ?/io-i-Rj/'^'*^r-hR2,„— y (vii), 

and  a  standard  deviation  .-^o  given  by 
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Now,  if  vi  and  v.2  be  the  numbers  of  children  in  the  array  of  a;  y 
parents  belonging  to  either  group,  and  v  =  vi-^  vj,  we  shall  have  for 
the  standard  deviation  of  the  total  offspring  of  x  //  parents  : 

yW  =  ^i^c^i'-^(f-i-^py}+^2{s^P  +  {H^2'ZpY}   (ix), 

where  Zp  is  given  by  (iv)  and  is  the  mean  of  the  whole  array. 

If  the  relative  influences  of  mother  and  father  depended  upon  their 
characters,  we  could  go  no  further  with  (ix)  until  this  had  been 
determined.  If,  however,  we  suppose  this  influence  on  the  average  to 
be  not  sensibly  dependent  on  the  characters  x  and  y,  we  may  write 
m/n  =  vi/v  and  njn  =  r.j/r.  Substitute  from  (iv),  (v)  and  (vii),  we 
find  after  some  reductions : 

To  verify  this  equation  I  transferred  to  the  mean,  summed  for  every 
possible  array,  i.Cy  for  all  values  of  x  and  y,  and  divided  by  the  total 
number  of  arrays.  The  left-hand  side  should  be  0-^-,  the  right-hand 
'side  became,  after  some  considerable  reductions,  identical  with  the 
right-hand  side  of  (i),  as  it  should  lie. 

We  have  in  equation  (x)  accordingly,  the  variability  of  an  array  of 
all  offspring  on  the  hypothesis  that  the  children  may  be  divided  into 
two  groups,  differently  related  to  the  two  parents.  We  see  at  once 
that  the  variability  of  an  array  will  depend  on  the  actual  values  of 
the  parental  characters,  unless  : 

and  Rl//i<''c,/o-m  =   ^Im^cJ^m- 

But  this  is  asserting  that  the  bi- parental  regression  co-efl5cients  for 
the  two  groups  are  the  siime,  or,  as  we  may  put  it,  that  there  is  no 
distinction  between  the  parentid  influences  in  the  two  groups.  This 
is  the  case  usually  assumed  under  the  "Law  of  Ancestral  Heredity"  with 
its  constant  variability  within  the  limits  of  random  sampling  for  the 
arrays.  In  every  other  case  the  arrays  alter  in  variability  with  the 
magnitude  of  the  parentid  character. 

Let  us  look  at  the  nuittei*  from  another  light  and  sum  -%/  for 
every  value  of  //  only,  or  we  can  obtain  the  same  result  by  direct 
investigation,  namely,  we  find  if  'Ix  be  the  standard  deviation  of  an 
array  of  offspring  due  to  fathers  of  character  j\ 

V  o  _  /tio-c,*-  (1  -  r^r)  +  n-jtr,.^  (1  -  r.y/-)  , 

*^x    —  ■         -  -  "f 

n 
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Or,  He  866  that  unless 

i,f„  tlie  patemftl  influence  ^»e  the  same  in  both  groups*  or  there  be  no 
question  o!  individual  dominance  of  th«  parents  in  "'fttther's  offspring" 
and  *' mother's  offiapring**  respect!  velvt  the  arrajs  of  offspring  due  to 
diffei*eiit  chiases  of  fathers  mil  not  l>o  equally  vanal*le.  1 1  is  dear 
that  if  the  atandsird  doviation  of  the  array  be  plotted  to  the  sixe  of 
the  father's  character,  the  resulting  curve  will  be  a  hyperbola  witk 
real  axis  vertical,  and  in  the  two  directions  ncroas  the  correlation  talJe 
taken  from  the  parental  value 


<""-"^V(^<;-'"'^5) 


tlie  Yuriability  of  the  arrays  will  rapidly  increase  from  a  minimum. 
As  there  can  hardly  l*e  a  sensible  distinction  l*etween  mj  and  m^^ 

for  it  would  mean  bimorlality  in  all  the  characters  dcfilt  with,  which 
is  contrary  ^to  experience,  we  may  say  that  the  variability  of   the 
oifspring  arrays  increases  in  both  directions  with  the  de\nation  of  the 
father  (or  mother)  from  the  mean. 
If  we  put  ///i  =  )/}.,  we  have  : 


(xn) 


which  shows  clearly  how  the  varial)ility  of  the  array  incre^ises 
hyperholically  with  the  deviation  of  the  father  from  the  mean. 

(5)  Now  it  is  as  well  to  take  one  or  two  numerical  cases  to 
appreciate  the  degree  of  curvature  of  this  hyperl»ola,  for  if  it  were 
a  very  flat  hyi>erbola,  it  possibly  could  not  be  readily  distinguished 
from  a  horizontal  straight  line  (Ancestral  Law)  or  from  a  para]>ola 
(Mendel's  Law).  I  take  the  hypothesis  suggested  by  Dr.  Boas,  i.e.,  a 
negligible  influence  of  the  father  on  **  mother's  offspring,"  and  a 
negligible  influence  of  the  mother  on  "father's  offspring." 

We  have  r.2f  =  ri,,^  =  0.  Further,  if  we  suppose  the  two  groups  of 
oflspring  to  be  equal  in  number  and  equally  variable,  Wi  =  iij  and 
o-t,  =  o-(Vj  =  o't-     From  (ii)  it  follows  that 

n    (T.     '        "    ' 


Therefore  from  (xii)  it  follows  that 
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Accordingly,  we  have : 
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a;  =  0, 

X   =    (7/, 

X  =  J2(rf 
Z  =  2oy, 

whence  we  have  the  following  table : — 

Table  of  ^^ 

P/e- 


2«2  =  cre2(l4-2p/e2), 


jr. 

0-3. 

0-4. 

0-5. 

0 

0-91 
0-95 
100 
109 

0-82 
0-96 
100 
115 

0  71 
0-87 
100 
1-22 

^2(r/ 

;     2cr. 

Now  parental  correlations  in  my  experience-  of  extensive  masses  of 
good  data  are  rarely  as  low  as  0*3,  generally  over  0*4,  or  nearer  even 
0*5.  But  even  with  0*3  we  see  that  there  ought  to  be  about  20  per 
cent,  increase  in  the  standard  deviation  of  an  array  as  we  pass  from 
the  mean  father  to  a  father  with  a  deviation  equal  to  twice  the 
paternal  deviation,  i.e.,  to  an  array  which  will  be  given  with  at  least 
a  moderate  number  of  cases  in  any  parental  correlation  table.  As  we 
approach  a  parental  correlation  of  0*4 — 0*5,  this  increase  of  the 
standard  deviation  amounts  to  40 — 72  per  cent.,  and  should  be  still 
more  conspicuous.  We  conclude,  therefore,  that  if  the  parents  are 
respectively  dominant  in  two  separate  groups  of  offspring,  then  when 
we  plot  the  standard  deviations  of  the  arrays  of  offspring  to  the 
deviations  of  the  parent  from  the  mean,  we  ought  to  get  a  very 
sensibly  hyperbolic  curve.  Or,  if  we  plot  the  squares  of  the  one  to 
those  of  the  other,  we  ought  to  get  a  sloping  straight  line  of  very 
sensible  slope,  O'l — 0*25  about,  instead  of  the  horizontal  line  of  the 
"  Ancestral  Law." 

If  we  suppose  the  same  conditions  to  apply  to  a  bi-parental  array, 
i.e.,  rni  =  wij,  iii  =  iio  =  i  ^^  ""cj  =  ^c^  —  ^a  f%f  =  '^'im  =  0,  we  find  that 
(x)  reduces  to 

--•  =  <rAil~\'-p'-^->iU±y^^  ?.- j!i2L.  XV). 
L  \        ^    \-  Tmr  /      \1  -  r.,,/  oy     1  -  rr»/  (r,J  J 

Or,  using  (ii)  and  (iii),  which  give  pjc  =  i^j/,  p,nc  =  ir2m : 
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Let  ua  applj  this  to  the  ease  of  itatui^  o£  parents  aiid  nmih  m  huul. 
Hare  I  have  deduced  from  my  *'  Family  I>Atii  Records  *'* 


f^f^  =  0  5140,  p^,t  =  0  4938,  p^  -  0*2804 .„.     (xfrV 


We  find  : 


V   5y^/  -  ^  0*1028 +  fo  5579  ^  -  0'5a59XY (xx^ 

Hence  we  have  the  impossible  value  32^^  V  —  1  a^  for  the  variabiliTy 
of  the  arrays  of  offspring  due  to  mean  ^mrenta.  Gen  era  Uy  wc 
deduce— 

Ytdues  of  ^a^/tr^  for  Arrayt. 


Falliisr:  dr/ff/. 

MothtTi  j^/ir«.        AM»y:  ^^!v^ 

0 

-fl 
+  1 
+  3 

0 

0 

-1 

1 

0-46 
1*03 
liSO 
S-10 

We  are  rlealing  here  with  nieiisurcniL^nta  on  upwards  of  1000 
families;  the  prol>alile  eiTor*?,  therefor*^,  of  pf,.  utul  /j,„,.  hiirflly  allow  of 
our  snppofling  the  first  term  on  the  right  in  (xiv)  to  be  zero.  But  if  we 
do  make  thisi  hngardous  asssumption,  we  see  that  as  we  pass  from  piir? 
of  me;i!i  parents  to  fathers  of  C'  I"  and  mothers  of  4'  10"  ive  shouhl  pas^ 
from  an  iirvfiy  of  offspnrig  of  no  variability  to  one  hrire  as  v^rialde  as 
the  general  popul.'ition.  Further,  fur  anv  given  nude  there  would  eadst 
a  female  relatively  only  very  slightly  tiillei'  than  he  is,  w  ho  would  have 
offsprijig  with  him  of  sensibly  no  variability.  In  view  of  this  losidi 
we  may  siifely  assert  ihwt  tlie  hyj)OthesiK  of  *'  fathe^^s  offspring  "  and 
*' mother's  ottspriug"  rannot  apply  to  sstature  in  man  under  any 
coiiditious!  in  the  least  appruximating  to  Dr.  Bwis's  assumptions  in  the 
case  of  cephalic  index. 

(6)  Our  etinclusii>n?>  may  be  summed  up  as  follows : — The  variahiiity 
of  the  arrity  of  ftrtspritig  due  to  u  group  of  parents  of  dehrute  eliarjtcter 
can  be  satisfactorily  used  as  a  oriterion  between  various  theories  of 
inheritance.  In  particular  if  the  variability  of  the  array  l>e  plotted  to 
the  character  of  the  parent — 

(a)  On  the  hypothesis  of  the  *' Ancestral  Law''  a  horizontal  straight 
line  is  the  resulting  curve. 

(b)  On  the  generalised  Mendelian  theory  the  restdt  is  a  parabola 
with  horizontal  axis. 
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{c)  On  the  generalised  theory  of  altematiye  inheritance  which 
divides  the  offspring  into  two  groups  more  intimately  associated  with 
one  or  other  parent,  the  resulting  curve  is  a  hyperbola  with  vertical 
real  axis. 

(7)  I  have  applied  the  criterion  here  developed  to  my  measurements 
on  father  and  son  in  more  than  1000  families.  The  three  characters 
stature,  span  and  forearm  are  dealt  with.  The  correlation  tables  for 
the  paternal  inheritance  of  these  characters  will  be  found  in  a  recent 
memoir  by  Dr.  Lee  and  myself  on  the  "  Inheritance  of  the  Physical 
Characters  in  Man."*  We  excluded  all  arrays  with  less  than  eight 
individuals  in  them,  deeming  it  absolutely  untrustworthy  to  find  a 
mean  and  standard  deviation  from  fewer  than  eight  cases.  The  standard 
deviation  of  each  array  for  a  given  paternal  character  was  found  by 
Dr.  Alice  Lee.  These  were  then  plotted  to  the  paternal  character  by 
Mr.  W.  L.  Atcherley,  and  results  are  shown  in  the  accompanying 
Diagram  1.  The  zigzag  polygons  in  each  case  give  the  plotted 
variabilities  of  the  arrays,  the  vertical  numbers  being  the  total  on  which 
the  variability  is  based.  The  horizontal  line  AA  gives  the  mean  value, 
iTc  J  {I  -  pfc^),  of  the  standard  deviations  of  the  arrays  according  to  the 
statistical  theory.  The  broken  lines  ccc  and  c'c'c'  give  o-c  J{1  -p^/e)± 
twice  the  probable  error  of  the  deviation  of  an  array  from  o-g  ^(1  -^^/c). 
Thus  if  ^  =  a'cj{l  -p^/e)  and  2^;  =  the  standard  deviation  of  an  array 
of  m  individuals  out  of  a  total  of.  n,  we  have  plotted  up  and  down  from 
!i)  the  quantity 


2  X  0-65449 


V  (2^  +  i^)' 


Now  unless  a  difference  is  at  least  twice  its  probably  error  we  certainly 
oannot  assert  it  to  be  significant.  Now,  if  the  diagram  be  examined, 
it  will  be  seen  that  almost  without  exception  the  zigzag  polygons 
fall  well  within  the  non-significant  areas  bounded  by  ccc  and  c'cV. 
There  are,  indeed,  three  exceptions,  but  all  three  occur  in  arrays  with 
less  than  twenty  individuiils,  or  arrays  where  some  eccentricity  of 
individual  or  measurement  might  easily  make  itself  felt.  But  there  is 
really  no  need  to  appefil  even  to  this  explanation,  we  have  thirty-nine 
observations  on  arrays,  and  three  of  these  only  exceed  the  double  of 
their  probable  error ;  this  is  actually  less  than  Juilf  the  excesses  we 
might  have  expected  on  the  theory  6i  probability. 

There  is  clearly  absolutely  nothing  in  the  obsei-ved  results  opposed 
to  that  constancy  of  variability  in  the  arrays  which  is  suggested  in  the 
usual  trciitment  of  the  "  Law  of  Ancestral  Heredity." 

(8)  I  next  look  at  the  theory  of  alternative  inheritance,  or  at  the 
hypothesis  that  some  children  follow  the  one,  some  the  other  parent. 
An   examination  of   the  diagrams   show  that  there  is  not  tbe  l^a&ti 

♦  '  Biomeirika,'  vol.  2,  pp.  415—411. 
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approach  to  a  hf  perWlic  distribution  of  the  array  Tariabilitie®,  The 
bjperWla  would  have  its  axis  vertical  and  vertex  dowuwartig.  In  tht 
case  of  stature  I  gire  the  h^^rbola  that  would  result  from  a  special 


t4 


X' 


XoixUe  jut  *^pt^^. 


6/        Sa       23*S      J^       Sft       S^       5o       Sff       ^       ^^         ?]0      ?^3 


=  1- 


^ 

d' 

^ 


X- 


Diagram  I. — Arrays  of  sons. 


case,   namely,  Dr.  Boas's   hypothesis  of   equal    numl>ers  of   offspring 

with  equal  variability  and  of  like  mean  follo\^ang  each  parent.     The 

equation    to   this   hyperbola   may  \)e  iouivd  Vcom  ^x"^^  \>^   ^wxxfsxv^ 
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fTc^  =  cTe,  =  cTe  =  2" -7 10,  rif  =  2p/e  =  1-0280,  m  -  n^  =  Jn,  and 
ry  =  0.     We  have 

i^^x/^cY  =  0-4716  4- 0-2642  (x/oy)2, 

where  oy  =  2"-568. 

It  will  be  seen  at  once  that  the  variability  of  the  array  is  too  small 
for  the  mean  father  and  far  too  large  for  the  exceptional  father.  I 
think  we  may  safely  conclude  that  for  man  in  the  case  of  the  three 
characters  under  investigation  no  such  theory  of  alternative  inheritance 
applies. 

(9)  I  now  turn  to  the  third  or  Mendelian  hypothesis.  Are  the* 
variability  distributions  better  represented  by  parabolas  of  horizontal 
axes  than  by  horizontal  straight  lines  ?  We  have  a  series  of  points  in 
each  case  and  the  question  is :  What  is  the  best  fitting  parabola  ? 
The  equation  to  the  Mendelian  parabola,  as  given  in  my  memoir 
already  referred  to,*  is  in  the  notation  of  the  present  paper 

2^,2  __8         4        a;  . 

cTc^      9^^s/W)^/ ^'''''^' 

where  </  is  the  number  of  Mendelian  couplets,  and  x  is  measured  from 
the  mean.t  Writing  Sa-^/o'c^  =  $,  xjo-f  =  ?y,  this  is  of  the  form,  a  and 
h  being  numerics : 

^  =  a  +  hi]. 

Applying  the  method  of  least  squares,  since  a  is  an  absolute 
constant,  we  find  for  the  best  value  of  ft,  /ll^  being  the  total  in  the 
X  array  : 

Tc'  S  (/.,#) 

or,  7  the  number  of  Mendelian  couplets  is  to  be  found  from 

1      _9V(3)ay  ^{t^{^Z,^-W)A  .      ..V 

J{q)  4       cr,2-         S(/x^;r2)      -^     ^^'"^ 

Working  this  out  for  the  case  of  stature  ^first,  I  found,  after  some 
rather  laborious  arithmetic,  that  q  =  48.  Thus  the  best  fitting 
Mendelian  parabola  needs  no  less  than  48  couplets.  We  may  write 
the  parabola  in  the  form 


S=K-"3- 


•  '  Phil.  Trans.,*  A,  vol.  203,  pp.  66-67. 

t  To  reduce  to  the  result  of  the  above  memoir  we  hare  T^  »  i(r«,  o-c  =  <rf  <» 
'-^(A)*  *  =*  «(*— i*)»  ?  =  »»  where  f  is  an  undetermined  QOTv%\Aii\.  ^«<^tAyci^qt^ 
the  relation  between  actual  scale  and  number  of  MendeViaii.  oo\i^\«Xa. 
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or,  since  :r>  does  uot  exceed  2  to  3  «r/  we  have  for  the  part  af  Uie 
parabola  involred  very  nearly  the  straight  line 

V<^c  =  Vf(l+lV^)    (^"). 

This,  suhstituting  the  values  of  <r^  and  cr^p  m  a  straight  line  of  slope 
0'021.  Now  the  best  fitting  line  to  the  observations,  A!X\  baa  ji 
slope  of  0  022,  or  we  conclude  that  the  Men  del  fan  paraboln  is  when  the 
nuniljer  of  couplets  is  as  large  as  in  the  presient  case  eeiisibly  parallel 
Xjq  the  iinc  which  best  represents  the  variability  of  the  arrays  plotte<J 
,to  the  parent^-  character-  The  Mendeliau  line  BE'  of  Diagram  I 
is  not  as  good  a  fit  as  the  line  AA\  because  the  theory  eoiistnuns  it 
to  pass  through  the  point  given  by  ir^  =  J{^j^)€r^  and  not  through 
the  actual  meau  point  &-(  »J{\  -r/^).  This  is  owing  to  the  fact  that 
the  Meiidelian  theory  gives  rj^  constant  and  equal  to  1/3.  Hence v  "we 
see  that  the  Mendeliau  theory  will  iiot,  as  :i  rule,  give  as  good  a  fit 
to  the  observations  as  the  best  fitting  line,  when  the  number  of 
couplets  is  large  as  in  tluR  case  and  the  correlation  differs  &om  1;^. 
The  parabola  thus  sensibly  coincides  in  direction  with  the  beat  fitting 
straight  line,  but  is  raised  above  it  in  position. 

J  give  the  best  fitting  straight  lines  for  the  three  eharacteiiB  we  have 
been  considering 

For  S^nm— 

y  -  2"^762  ^  0-01 1  (r  -  67'^-3tiG). 

Probable  error  of  the  slope  0*011,  equals  0013, 

ij  ~  T'MA  =  0022  {f  -  C7"-686). 
Probable  error  of  the  slope  0*022,  equals  0*013, 

Ftyr  Fortarui — 

,/  -  l"-773  =   -  0^003  {T  -  18'^ -279}. 

Proliable  error  of  the  slope  ~  0'003,  equals  0*009. 

Thus,  of  the  three  slopes  all  differ  by  less  th-'in  twice  and  two  of 
them  by  less  th:in  once  their  probable  error  from  zero.  Wo  mav 
accordingly  conch ide  that  neither  in  the  best  fitting  straight  lines^ 
nor  consequently  in  the  Mondelian  fjarabolas  for  the  measurable  range, 
is  there  any  serir^ible  deviation  frnni  horizon tality.  In  fact  we  have 
48  couplets  in  the  case  of  stature,  and  roundly  150  for  span*  and 
2000  for  forearm.  With  such  numbers  the  Mendelian  theory  cannot 
on  the  problem  of  variability  of  arrays  give  any  other  sensible  answer 
for  the  range  available  for  investigation  than  the  constant  variabilitv 

•  If  the  Mendelian  theory  discussed  were  correct,  it  would  be  diffi  ult  to  grasp 
how  the  /brearm -inheritance  could  be  determiued  by  far  more  couplet*  than  the 
pan  i§,  or  why  one  slope  should  be  negatWe  i^ixd.  \.\\e  o\.\ieT  '^o%v\]vs^. 


\ 
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of  the  "  Ancestral  Law,"  but  it  does  not  equal  the  latter  law  in  its 
description  of  the  facts,  because  it  shifts  the  mean  variability  of  the 
array  out  of  its  proper  place  owing  to  its  absolute  rigidity  in  the  value 
of  parental  correlation.  I  think  we  may  say  that  for  the  threo 
characters  here  considered  the  "  Law  of  Ancestral  Heredity  "  is  the  only 
one  of  the  three  theories  which  clearly  describes  the  facts,  and  the 
facts  at  no  point  differ  significantly  from  its  statements. 

(10)  The  theory  of  alternative  inheritance,  which  ditferentiates  the 
offspring  into  "  father's  offspring  "  and  "  mother's  offspring,"  permits 
of  being  tested  in  another  manner,  namely,  by  considering  the 
variability  of  the  array  of  brothers  who  have  a  brother  of  given 
character  x.  Let  us  Ifirst  look  at  the  problem  generally.  A  man 
of  extreme  character  value  will  have  a  group  of  brethren,  say, 
"  father's  offspring,"  who  allowing  for  regression  are  like  himself,  but 
the  other  group  of  his  brethren  will  be  far  less  like  himself,  and  on 
the  average  of  all  mothers  near  the  population  mean.  Thus,  the 
array  of  brethren  of  a  man  of  extreme  character  will  be  made  up  of  two 
components,  one  tending  to  be  like  himself,  the  other  like  the  general 
population.  Hence  on  the  whole  the  array  of  brothers  corresponding  ta 
men  of  a  given  type  must  become  more  and  more  variable,  the  more 
marked  the  delation  of  the  given  type.  I  will  now  give  the  results  of 
the  analysis.  Let  p  be  the  general  correlation  of  brothers,  m  their  mean, 
and  (7  their  standard  deviation.  Let  rn  be  the  correlation  of  brothers 
who  are  "  father's  offspring,"  ?/ii  their  moan,  and  o-  their  standard 
deviation ;  let  r2'j,  m^  and  o-.j  be  the  corresponding  constants  for  the 
brethren  who  are  "  mother's  offspring."  Let  vi  and  v^  he  the  number 
of  brethren  of  each  class.  Then  if  an  individual  have  a  deviation  x 
from  the  mean  of  all  brethren,  he  will  if  a  **  father's  offspring "  have 
a  co-fraternity  of  standard  deviation  o-i  J{l-rii-)  and  at  distance 
from  the  mean  of  offspring  given  by 

f^ii  =  wii  +  7*11  ^(x  +  m-  mi)  -  in  -  px 

=  (rii  -  />)  x  +  (mi  -  m)  (1  -  rn). 

He  will  have  i^i  -  1  of  such  brethren,  but  he  will  also  have  vo  brethren 
of  mother's  offspring  type  with  a  standard  deviation  0*2  ,^(1  -  r^/)  and 
at  distance  from  mean  of  offspring  given  by 

p-u  =  i^h  +  ^2  —  (^  +  w  - 711-2)  -m-px 


=  (ry>  —  -p\x  +  (wry  -  m)  (1  -  7*12). 


Similarly,  if  the  brother  of  deviation  x  were  a  "  mother's  offspring," 
his   brethren   would    be    made   up   of    V2  - 1    of  standard  deviation 
^1  J  {I  -^22^)  and  mean  p^o,  and  of  vi  brethren  ol  ^XiaxA^x^  ^<«^na^\^\N. 
t^j  x/(2  -  rjo^J  and  mean  /ut2i  where 
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m  -  (rxi  ^J  -  p^  a;  +  {nn  -  m)  ( 1  -  r^.). 

Hence,  generally  for  the  variability  of  the  brethren  of  «  given  brocbtf 
of  deyiatiou  x,  we  have 

+  MtiS        ""^'^        +u3„        i^^j-l  ,  va 

2  (1*1 +  1^-1) 

Clearly  this  gives  a  hyperbola  f(»*  ^^  In  terms  of  /,  ^tb  ltd  real 
azifl  perpendicular  to  ^. 
Similarly  we  have  : 

(»'l  +  *':0(»n  +  »^:-l)  ' 


and  further 


vi-\-y2  I'l  +  v^     -       ^    "        ^  " 


and  iH 


1*1^1  +  I  ;l|l/^ 


In  any  actual  tai^e  Ave  may  reaaonably  suppose  oiir  pairs  of  hrothers 
to  be  a  random  s^miple  from  families  with  indefinitely  great  fiumbers,* 
or  put  vi  and  j  ^  inlinite  in  the  ratio  of  Hi  to  fi'2.     Hence  : 

^-  =  -2  ^-iit^r  + -^ /-jo-j- + -- ^,    n-j^^io-i    (xxi), 


•  *  Phil.  Trans.;  iL,  \o\.  W^.^.ll. 
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2»*  -  '^*{i5(l  -ni*)+g(l  -ru')] 

+  2^(Mii*  +  M2i»)  +  p^0«M»  +  Mi2*) (xxii). 

To  simplify  still  further,  assume  no  distinction  in  the  totals  of 
"  mothers'  offspring  "  and  "  fathers'  offspring,"  or  take  mi  ^  m^  =  m^ 
cTj  =  0-2  =  cr,  ni  =  /i2  =*  Jt».    'Hence 

/>  =  i(ni+r22)  +  iri2, 

Hence  we  see  that  if  the  variability  of  the  arrays  of  brethren  is  to 
be  constant,  it  is  absolutely  necessary  that  ru  =  r22  =  ^-12  =  p,  or  the 
degree  of  likeness  between  brothers  whether  they  belong  to  "  mothers' 
offspring  "  or  "  fathers'  offspring  "  must  be  identical.  If  this  be  not 
true,  the  variability  of  the  array  of  brethren  of  a  brother  of  given 
character  must  obey  a  hyperbolic  law,  being  least  for  a  brother  of 
mean  character. 

If  we  adopt  Dr.  Boas's  theory  of  complete  alternate  inheritance  we 
have 

^1  =  ^22    and    ri2  =0. 
Whence 

ni  =  2/5, 
and 

2^,2  =  0-2  (l-2p2)  +  p2a.2 (xxiii). 

This  is  a  very  easy  result  to  test.  On  the  whole,  however,  it  is 
better  to  ask  the  general  question :  Are  the  variability  of  arrays  of 
brethren  hyperbolically  distributed  1 

(11.)  I  propose  to  answer  this  by  appeal  to  my  data  for  nearly 
2000  pairs  of  brothers  measured  for  their  cephalic  index.  Selecting 
the  arrays  of  20  brothers  and  upwards  the  results  plotted  in 
Diagram  II.  were  reached.  Here  />  =  0*4861  and  o-  =  3'314  and  the 
mean  cephalic  index  =  78*92.  Hence  the  "  Law  of  Ancestral  Heredity  '' 
gives  for  the  mean  value  of  2^;,  2  =  2*896.     On  Dr.  Boas's  hypothesis 

2^,2=  5*7924 +  0*2363a;2. 

These  results  are  shown  in  the  same  manner  as  in  the  first  diagram  ^ 
the  broken  lines  marking  the  limits  of  twice  the  probable  error  of  2 
and  the  actually  observed  2^. 

We  may,  I  think,    safely  conclude    from.    t\na  t«kv3\\»    Oa»i^  ^^ 
VOL,  LXXIU.  -%. 
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horizontal  or  mean  line  of  tlie  **  Ancestral  Law  "  gives  &  better  r«@ttlt  | 
than  tbe  hyperbola.  Ae  a  matter  of  fact  in  the  small  arrays  at  the 
extremes  we  get  as  before  yery  erratic  results ;  almoat  any  Talue  id  { 
the  standard  deviation  may  be  reached,  not  only  because  the  probable 
errors  are  eo  large,  but  because  the  appearance  of  any  iingle  abnormality 
or  of  any  slip  due  to  measurement  or  eia;saifi cation  becomes  so  very 
disturbing  in  these  small  arrays.  Eveu  then  we  only  find  four  eases 
in  scTenteen  which  deviate  by  more  than  twice  the  probable  error  from 
the  mean  line.  In  this  case  the  mean  error  of  the  "  Ancestral  Law  "  for 
the  seventeen  arrays  is  0'31,  and  of  Dr.  Boas'e  hyperbola  0'49** 


I 


-^  ^  r  VT 


-^  -^  "^  '^  '^  ? 

^     X    ^    JL    Ji>    2- 


'^    ". 


-^ 
^ 
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"5    5    i5    ^   is     77     S    7 J  -flo    &J.    «j  ^3    a«  ss  ^m    ar 


(12.)  It  may  be  a,'^kcd  bow  Dr.  Boas  has  reached  the  conclusion 
that  in  the  ca^e  of  cephalic  index  the  "Ancestral  Law*'  does  not  apply 
and  thai  ihe  children  break  up  into  ** mothers^  ofTspring  "and  '*  fathers 
ofTspring"?  He  has  used  the  meaauvements  of  Dr.  Maurice  Fishlwerg 
of  New  Vork,  on  forty-eight  families  of  "East  European  Jews/ 
Now,  1  think  it  may  lie  reasonably  questioned  whether  a  population 
defined  as  ^*  East  European  Jews  ^*  can  be  considered  as  homogeneous. 
I  mean  by  this  :  Would  any  such  category  breed  true  to  itself  ?  Is  it 
to  be  looked  upon  as  a  '*  race  "  in  the  sense  used  by  met  of  a  popula- 

*  If  the  large  values  oft^n  found  for  tlie  variability  of  tlie  extreme  arrav*  of  a 
correlation  table  have  real  significance,  which  I  doubt,  I  personally  am  inclined  to 
think  it  is  due  to  deviation  from  true  linear  regression,  tlie  regression  curve  beinj 
a  cubic  curve  with  its  inflexional  portion  representing  the  regression  line  of  the 
ordiuary  range, 
t  *  Biometrika,^  vol.  2,  p.  511,  und  coTii''p\iTe  V\V\\  Wve  %X5\\i\^  ^\fe\i^*\\Ma.  ^pula- 
tion  discussed  in  mj  paper,  '  PbW.  Txaiis.,"  A,\o\.'iO'i,^'^.^'^ — ^^. 
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tdon  which  has  been  isolated  and  intra-bred  for  some  generations  ? 
K  not,  it  would  very  possibly  exhibit  "  segregation  "  in  the  second 
generation ;  thus  if  there  were  any  Aryan  or  other  non-Jewish 
blood  in  the  immediate  ancestry,  this  might  be  induced  by  a  segrega- 
tion tendency  increasing  the  variability  in  the  offspring  of  such  pairs. 
Further  apparent  segregation  would  arise  in  the  case  of  any  unfaith- 
fulness, and  this  might  be  correlated  with  physical  dissimilarity. 
Shortly,  we  want  a  good  deal  further  information  as  to  the  nature  of 
these  particular  American  East  European  Jews.  But  quite  apart 
from  all  this,  the  forty-eight  families  had  only  158  children  or  an 
average  of  less  than  3*3.  Now,  some  famUies  must  have  had  four 
and  five  children, and  Dr.  Boas  gives  the  standard  deviation  of  all  the 
separate  families,  or  he  must  have  found  a  standard  deviation  here 
and  there  on  the  basis  of  at  least  two  and  possibly  even  fewer 
individuals !  *  I  do  not  think  standard  deviations  so  found  can  be 
of  any  value  at  all.  Further,  and  most  important,  he  has  not  determined 
the  standard  deviation  about  the  mean  of  the  individual  family,  which 
he  ought  to  have  done,  but  about  the  theoretical  average  mean  of  all 
families  having  a  father  and  mother  of  the  given  characters.  Now  the 
individual  family  has  all  its  ancestors  in  common  beside  the  father  and 
mother  and  hence  its  mean  is  not  in  our  previous  notation  : 

the  value  used  by  Dr.  Boas,  but  the  much  longer  expression  given  by 
the  general  formula  for  "  Ancestral  Heredity."  t  It  is  only  when  we 
tfike  the  average  results  for  all  families  of  parents  x  and  y,  that  the 
other  ancestral  terms  will  disappear,  and  we  reach  the  above  result 
His  only  method  of  reaching  an  approximation  to  the  mean  of  an 
individual  family,  would  be  to  actually  find  it  from  the  family  itself, 
and  then  investigate  the  standard  deviation  from  this  mean.  J  This  he 
has  not  done,  and  I  think  we  must  doubt,  even  if  he  had  done  it,  the 
validity  of  means  and  variabilities  based  upon  two  to  four  individuals. 
Still  his  memoir  is  very  suggestive,  and  it  seems  to  me  that  the  investi- 
gation of  a  large  series  of  head  measurements  in  parents,  and,  if 
possible,  adult  children,  say,  in  1000  families  forming  a  homogeneous 
population,  would  be  of  great  value. 

*  I  have  shown  in  '  Biometrika/  vol.  1,  p.  Z99,  that  the  values  of  the  standard 
deviation  found  from  two  individuals  will,  on  the  average,  only  be  about  0*563  of 
its  true  value.  Similar  large  reductions  occur  if  it  be  found  from  three  to  four 
individuals,  and  so  on.  This  is  quite  apart  from  the  large  probable  errors  intro- 
duced by  paucity  of  numbers. 

t  •  Roy.  Soc.  Proc.,'  vol.  62,  p.  394. 

X  There  would,  I  take  it,  certainly  be  correlfttion  betvceeu  x— y  wv^  ^^^fe  wsaXX*.^ 
BDcestra]  temiB  in  the  family  mean. 
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(13,)  The  present  paper  has,  I  think,  brought  out  the  f olio  wing 
points : — 

(i)  A  variability  criterion  between  contending  theories  of  inheritance 
is  possible,  and  is  easily  applied. 

(ii)  Variability  plotted  to  parental  character  will  give  (a)  a  horizontal 
straight  line  on  the  Theory  of  Ancestral  Heredity,  {h)  a  parabola  with 
axis  along  the  axis  of  parental  character  on  Mendelian  Principles^  (t)  a 
hyperbola  with  its  real  axis  perpendicular  to  the  axis  of  parental 
character  on  the  Theory  of  Alternate  Inheritance  which  is  summed  up 
in  the  idea  of  parentally  differentiated  gfoups  within  the  family, 

(iii)  Afi  far  as  my  own  measurements  on  stature,  span,  forearm,  and 
cephalic  index  in  man  go,  there  is  nothing  to  suppbrt  the  view  that 
the  variation  curve  of  (ii)  is  effectively  represented  by  either  a  parabola 
or  a  hyperbola.  Within  the  limits  of  the  prol*able  errors  of  random 
sampling  it  appears  to  Ise  a  horizontal  straight  line. 

Further  applications  of  the  criterion  wiD  no  doubt  be  soon  forth- 
coming, but  it  is  essential  they  should  be  made  with  a  full  uoder* 
standing  of  what  the  various  theories  amount  to,  and  how  they  must 
be  applied  to  observations.  In  particular  it  is  very  needful  that  we 
should  distinguish  between  the  mean  of  an  individual  family  as  deter- 
mined from  all  its  ancestry,  and  the  mean  of  an  array  of  offspring  of 
given  parentage-type — but  with  all  varieties  of  earlier  ancestry — 
determined  from  that  parentage  only. 
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"  Some  Uses  of  Cylindrical  Lens-Systems,  including  Eotation  of 
Images."  By  George  J.  Burch,  M.A.,  D.Sc  Oxon.,  F.RS., 
Lecturer  in  Physics,  University  Collie,  Beading.  Efeceived 
February  29,— Bead  March  10, 1904 

It  was,  I  believe,  first  shown  by  the  late  Sir  George  Stokes  that  if 
two  similar  cylindrical  lenses  are  placed  in  contact,  with  their  axes  of 
curvature  at  right  angles,  the  combination  acts  as  a  spherical  lens,  and 
that  if  the  axes  are  not  at  right  angles  the  system  is  equivalent  to  a 
cylindrical  and  a  spherical  lens  combined,  the  spherical  element  dis- 
appearing when  the  axes  are  parallel. 

I  have  recently  had  occasion  to  employ  a  modification  of  this 
arrangement  which  has  proved  of  some  practical  utility  as  well  as 
theoretical  interest. 

When,  as  in  Sir  George  Stokes's  experiment,  the  two  lenses  are 
placed  in  contact,  the  combination  acts  as  a  sjdierical  lens  in  every 

respect,  that  is  to  say,  the  formula  _  +  —  =  -_  holds  in  regard  to  it. 

u     V      f 

But  when  the  two  lenses  are  not  in  contact  there  is  only  one  pair  of 

conjugate   points  at  which  a  real   object  will   give  a  real  image. 

Reference  to  the  ordinary  focometer  formula  will  show  that  this  must 

be  the  case.   Let  I  be  the  distance  between  an  object  and  a  screen,  and  let 

a  convex  lens  of  focal  length  /  <  ^^  be  moved  along  the  line  joining 

them.     Then  there  must  be  two,  and  only  two,  positions  of  the  lens 

at  which  it  will  form  images  on  the  screen,  one  at  a  distance  u  from  the . 

object  and  v  from  the  screen,  and  the  other  at  a  distance  v  from  the 

object  and  u  from  the  screen  where 

u  i-v  =  I,     u-v  =  a,    and  — -y—  =    . 

In  either  of  these  two  positions  a  cylindrical  lens  of  equal  power 
will,  if  its  axis  be  vertical,  form  sharp  images  of  vertical  lines,  or  of 
horizontal  lines  if  its  axis  be  horizontal.  If  therefore  we  place  one 
cylindrical  lens  with  its  axis  vertical  at  a  distance  u  from  the  object 
and  a  second  of  equal  power  with  its  axis  of  curvature  horizontal  at 
a  distance  u  from  the  screen,  there  will  be  produced  on  the  screen  a 
sharp  image  magnified  vertically  v/u  times,  and  horizontally  u/v  times. 

This  method  may  be  employed  for  comparing  by  photography  curves 
plotted  to  different  scales,  or  for  increasing  or  diminishing  the  ordinates 
of  a  curve  or  record  the  scale  of  which  is  unsuitable.  Figs.  1  and  2 
are  an  example  of  this  latter  use. 

Fig.  1  is  a  record  taken  with  the  capillary  ele(iUoTCkft\^^  ^^^  N^^  ^^- 
charge  of  the  electrical  organ  of  MalaptervxnAft,  t\i^  \w^  «A^^  ^^  "^^ 
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organ  being  connected  with  the  outer  coatings  of  a  pair  of  eondetisar^  1 
the  inner  coatings  of  which  were  connected  with  the  electrometer,         ■ 


Fio.  1. 

A  full  description  of  the  experiment  is  given  in  the  papers  l)v  Gotch 
and  myself,  from  which  this  illustration  is  taken.* 

In  order  to  find  the  E.M.F.  indicated  by  such  a  record  it  is  necessary 
to  measure  the  subtangent — or,  in  this  case,  the  polar  subnormal  to 
the  curve  at  various  points  according  to  the  method  described  in  my 
papers  on  the  "Capillary  Electrometer."!  The  method  is,  however, 
inapplicable  if  the  angles  are  too  steep. 

It  occurred  to  me  that  if  the  ordinates  could  be  diminished  and  the 
abscissae  magnified  by  photography  the  angles  might  l>e  brought  within 
the  measurable  range.  Accordingly  I  fixed  the  original  of  fig.  1  at 
56*25  cm.  from  a  photographic  plate,  M^th  a  cylindrical  lens  of 
+  12*5  cm.  with  its  axis  horizontal  at  a  distance  of  17*5  cm.,  and  a 
second  with  its  axis  vertical  at  a  distance  of  43*75  cm.  The  resiUt  is 
shown  in  fig.  2.     The  definition  is  remarkably  good  in  the   negative. 


Fig.  2. 

•  '  Phil.  Trans./  B,  toI.  187,  p.  347;  *  Proc.  Roy.  Soc.,'  toI.  65,  p.  434. 
t  '  Phil.  Trans.,'   A,  toI.  183,  p.  81 ;   '  Proc.  Koy.  Soc.,'  toU.  48,  59,  60,  p.  388, 
knd  Tol.  70,  p.  175. 
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but  the  field  of  view  is  small.  The  absciss®  are  magnified  two  and  a 
half  times  and  the  ordinates  diminished  in  the  same  proportion,  so  that 
the  total  effect  is  the  same  as  if  the  original  photograph  had  been 
taken  on  a  plate  moving  25/4  times  as  fast,  and  the  resulting  curve 
can  be  easily  analysed. 

It  should,  however,  be  noted  that  fig.  1,  being  a  curve  with  polar 
co-ordinates,  is  not  properly  adapted  for  this  process,  which  requires, 
to  be  accurate,  curves  with  rectangular  co-ordinates.  It  serves,  never- 
theless, to  illustrate  the  method,  and  as  the  portion  photographed 
occupies  not  more  than  an  angle  of  2""  of  arc,  the  error  involved  is 
hardly  noticeable  although  great  enough  to  render  it  not  worth  while 
to  spend  time  over  a  minute  analysis  of  the  modified  curve. 

It  is  not  necessary  that  both  lenses  should  be  of  the  same  focal 
length.  If  they  are,  the  image  is  magnified  as  much  in  one  direction 
as  it  is  diminished  in  the  other.  If  it  is  desired  to  preserve  the 
dimensions  yi  one  direction  unaltered — as,  for  instance,  in  comparing 
the  time  relations  of  two  electrical  responses  of  different  intensity — 
e.g,y  nerve  under  the  influence  of  CO2,  and  in  a  normal  condition — one 
lens  may  be  put  midway  between  the  object  and  the  screen. 

If  m  be  the  magnification  required  in  the  other  direction,  the  focal 

length  necessary  for  the  other  cylindrical  lens  is  /  = .  /  and  its 

distance  from  the  object  is  -^ 

1  -f-m 

In  practice  it  is  more  convenient  to  employ  a  pair  of  lenses  of  rather 
more  than  the  required  power  when  close  together,  and  to  adjust  the 
distance  between  them  until  the  right  magnification  is  obtained. 

The  image  thus  modified  by  the  cylindrical  system  is  projected  on  to 
the  curve  with  which  the  comparison  is  to  be  made,  and  examined  with 
a  lens. 

The  principal  difficulty  is  the  smallness  of  the  field  of  view,  which  is 
elliptical  in  shape,  the  major  axis  being  limited  by  the  diameter  of  the 
lenses  and  the  ratio  between  the  axes  being  as  1 :  m^.  Unfortunately 
the  use  of  lenses  of  larger  aperture  introduces  errors  of  chromatic 
and  spherical  aberration  which  spoil  the  definition. 

Owing  to  the  fact  that  each  cylindrical  lens  has  to  be  separately 
f ocussed,  and  that  no  image  is  formed  until  both  are  correctly  adjusted, 
not  only  as  to  distance  but  also  as  to  the  direction  of  the  axes  of 
curvature,  focussing  is  a  matter  of  some  difficulty.  I  have  found  the 
following  method  answer  very  well : — 

Two  lines,  one  vertical  and  the  other  horizontal,  are  ruled,  across  the 
middle  of  a  glass  plate — a  spare  negative  answers  very  well,  and  the 
lines  can  be  ruled  with  a  needle  on  the  film.  This  is  placed  in  the 
object  holder.  The  first  cylindrical  lens  is  inserted  in  its  cell  and  the 
horizontal  line  f ocussed  with  it  sharply  on  the  screen.     The  first  lens 
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being  removed,  the  eecand  is  iiiBerted  in  the  other  cell  and  adjiiBted  Ui 
focus  the  vertical  line. 

The  first  lens  is  then  replaced  in  position  and  rotated  till  both  Ed^ 
are  shRrpl j  fociisBed,  AVhen  three  lenses  are  used,  the  two  emplojed 
to  obtain  magnification  muMt  be  contained  in  a  sliding  tube  fttmiaiied 
with  a  pin  working  in  a  slot  to  prevent  rotation. 

In  the  preceding  pages  the  axes  of  curvature  of  the  two  components 
of  the  cylindrical  lens-systems  are,  in  all  cases,  at  right  angles  lo  eadb 
other.  Equally  interesting  properties  are  possessed  by  those  syatemi 
ill  which  they  are  parallel  to  each  other* 

Case  L — Ttm  equal  amvez  cyUndrk^jJ  lenses  set  wiih  their  ojxa  ^ 
mrmture  parallel^  and  at  s^  a  didaihct  apart  thai  ihmr  prindp^ 
foci  coifbcuie  as  in  a  ieUsoppe. 

A  clear  and  undistorted  view  of  distant  objects  is  obtained,  but  on 
rotating  the  object  the  image  appears  to  rotate  with  equal  angular 
velocity  in  the  opposite  direction,  and  on  rotating  the  tube  containing 
the  lenses »  the  image  appears  to  rotate  with  tvrice  the  angular  velociir 
in  the  same  direction. 

The  reason  is  obvious.  Suppose  the  axes  of  curvature  are  vertical, 
then  there  is  no  vertical  deviation  of  the  image-forming  rays,  and  su 
far  as  its  vertical  components  are  concerned  the  virtual  image  coincides 
with  the  real  object.  In  the  horizontal  plane  there  is  deviation.  The 
rays  from  the  cylindrical  objective  cross  as  in  a  telescope  before 
reaching  the  cylindrical  eyepiece.  If,  therefore,  we  focus  the  eyepiece 
so  that  the  final  virtual  image  is  at  the  same  distance  from  the  eye  as 
the  real  object,  a  clearly  defined  image  will  be  produced,  erect,  but 
enantiomorphic,  as  if  reflected  in  a  plane  mirror.  If  the  object  is 
viewed  through  two  cylindrical  telescopes  in  tandem,  then  if  either  is 
rotated,  the  image  rotates  in  the  opposite  direction,  but  if  both  are 
rotated  together,  the  image  remains  stationary  as  in  the  case  of  two 
erecting  prisms  in  tandem. 

Two  causes  may  disturb  the  sharpness  of  the  definition,  namely, 
deviation  from  exact  parallelism  of  the  axis,  and  error  in  adjusting  the 
distances  between  the  lenses,  so  that  the  horizontal  components  of  the 
virtual  image  are  not  focussed  at  the  same  distance  as  the  vertical. 

If  the  two  lenses  are  not  of  equal  focal  length  the  resulting  images 
are  clearly  defined,  but  not  S3'rametrical,  being  magnified  or  diminished 
in  one  direction  and  of  natural  size  in  the  other. 

Case  II. — Tico  ryUndrical  lenses  with  their  axes  of  rurvature  jHimlhl, 
the  didanre  between  them  being  greater  than  the  sum  of  their  pxal 
lengths. 

Such  a  system  acts  as  a  compound  microscope,  giving  well  defined 
images  of  objects  situated  at  a  certain  (li;>taiic€  Itovci  \\v^  ci^\'t<iUve. 


1904]  Lens-Systems,  including  Rotation  of  Ifruxges.  285 

The  same  phenomena  of  rotation  of  the  image  on  rotating  the  lens 
system  are  observable  in  this  case  as  in  the  cylindrical  telescope,  but 
with  this  difference :  the  images,  though  sharply  defined,  are  not 
symmetrical,  the  object  being  magnified  at  right  angles  to  the  axis  of 
curvature,  and  not  magnified  parallel  to  it. 

The  focal  distance  at  which  alone  good  definition  is  obtainable 
is  that  at  which  the  virtual  image  is  the  same  distance  from  the  eye 
as  the  object.  But  to  an  astigmatic  eye  there  are  two  distances  at 
which  the  instrument  gives  perfect  definition,  the  direction  of  the 
axis  of  curvature  coinciding  with  the  astigmatic  axis  of  the  eye  in 
one  case  and  being  at  right  angles  to  it  in  the  other. 

The  cylindrical  telescope  cannot  by  altering  the  focussing  be  made 
to  project  an  image  on  a  screen  like  an  ordinary  telescope.  To  do 
that  we  must  employ  two  cylindrical  telescopes  with  their  axes 
of  curvature  at  right  angles.  They  need  not  both  be  of  the  same 
power,  and,  curiously  enough,  one  may  be  situated  inside  the  other 
without  interfering  with  its  action. 

Polarised  Light, 

Another  peculiarity  of  the  cylindrical  telescope  is  rather  remarkable 
and  extremely  valuable.  As  would  be  expected,  rotation  of  the  tube 
of  a  cylindrical  telescope,  though  it  rotates  the  image,  is  absolutely 
without  effect  as  regards  the  polarisation  of  the  ray.  There  is,  so 
far  as  I  know,  no  other  means  of  rotating  an  image  without  altering 
it  in  this  respect,  the  ordinary  erecting  prism,  whether  silvered  or 
unsilvered,  introducing  a  difference  of  phase.  I  have  found  the 
cylindrical  telescope  extremely  useful  in  some  experiments  where  this 
was  important. 

Note  added  March  12. 

If  the  axis  of  a  telescope  of  which  the  magnifying  power  is  m  is 
moved  sideways  through  an  angle  ^,  the  displacement  of  the  image  is 
(1  ±m)Oy  taking  the  upper  sign  if  the  image  is  inverted,  and  the  lower 
sign  if  it  is  erect. 

In  the  telescope  formed  of  two  equal  cylindrical  lenses,  parallel  to 
the  axis  of  curvature  m=  -1,  and  at  right  angles  to  it  m=  +1. 
Accordingly,  if  the  axis  of  such  a  telescope  is  moved  through  an  angle 
0  in  the  plane  of  the  axis  of  curvature,  the  displacement  of  the  image 
is  zero.  If  it  is  moved  in  a  plane  at  right  angles  to  this  the  displace- 
ment is  26.  And  if  the  plane  of  movement  makes  an  angle  of  45*"  with 
the  axis  of  curvature,  the  image  appears  to  move  at  right  angles  to  it. 
T  he  effect  of  rotating  the  telescope  about  its  axis  while  moving  it  in 
azimuth  is  very  striking. 

A  cylindricaJ  telescope  may  be  made  with  one  \^tv«»  v^a  \sJ\Qi^^  \ — ^ 
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pkne  mirror  is  set  at  right  anglea  to  the  optic  axis  In  the  prjticip4 
fociis  of  a  cylindrical  lens.  Between  the  lens  and  the  eye  a  plate  of 
miailvered  glass  is  placed  at  such  an  angle  as  to  reflect  the  rays  froDi 
some  distant  objeet  through  the  lens  on  to  the  mirror,  whence  thej 
are  reflected  once  more  through  the  lens  into  the  eye.  The  unsilvered 
refleetion  is  not  neee^ary  if  the  eye  is  held  at  some  conBideraltle 
distanee  from  the  lens.  In  such  an  arrangement  the  image  is  QOt 
enantiom Orphic,  the  e^Tect  of  the  cylindrical  lens-syatem  betng^ 
neutralised  by  that  of  the  mirror,  but  the  image  rotates  when  the  leii^ 
is  rotated  exactly  as  in  an  ordinary  cylindrical  telescope,  and  the  plane 
of  polarisation  is  not  affected  by  the  rotation. 


4 


''  On  the  Effect  of  a  Magnetic  Field  on  the  Eate  of  Subsidence  of 
Torsional  Oscillationu  in  Wires  of  Nickel  and  Iron,  and  the 
Changes  Produced  by  Drawing  and  Annealing/'  By  Professor 
Akdrew  GraYj  F.R.S.,  and  Alkxajjder  Wood,  B,Sc,  Eeeeivi^ 
March  12,— Read  March  17,  1904, 

On  Miiy  15  th,  1902,  we  communicated  to  the  Eoyal  SoLiety  a  paper 
entitled  "  On  the  Effect  of  a  Longitudinal  Magnetic  Field  on  the 
Internal  Viscosity  of  Nickel  and  Iron,  as  shown  by  Change  of  the  Rate 
of  Subsidence  of  Torsional  Oscillations."  We  described  in  that  paper 
the  results  of  experiments  on  the  rates  of  subsidence  of  torsional  oscil- 
lations in  nickel  and  iron  wires  in  fields  of  different  strengths,  and 
showed  that  the  effect  of  the  field,  or,  more  properly,  of  the  magnetisa- 
tion of  the  wire,  is  to  increase  the  rate  of  subsidence  in  nickel  and  to 
diminish  it  in  iron.  In  nickel,  it  was  pointed  out,  this  effect  rose  to  a 
maximum  at  a  certain  field,  from  100 — 180  C.G.S.,  according  to  the 
initial  amplitude,  and  thereafter  diminished  as  the  field  was  increased  ; 
while  in  iron  the  effect  was  in  the  main  all  produced  at  a  field  of 
about  160  C.G.S.  or  rather  less,  and  increased  only  slightly  with 
fiu-ther  increase  of  field  intensity. 

The  experiments  described  in  the  present  paper  are  referred  to 
at  the  end  of  the  former  one  as  in  progress,  and  some  accoimt  of  their 
results  is  given ;  and  we  propose  now  to  describe  them  a  little  more  in 
detail. 

Experiments  on  ihe  Effect  of  Jh'aimKj  Lkncn  and  of  AnneaJinff  a  Xidel 
Jrire. — A  piece  of  the  nickel  wire  formerly  experimented  on  was 
tested  for  subsidence  in  the  manner  already  descril3ed,  and  then  drawn 
down,  by  being  passed  through  a  draw  plate,  from  the  diameter 
1*4  mm.  to  0775  mm.  The  results  are  illustrated  by  fig.  1.  Take  first 
curve  I  of  that  figure.     It  \\aa  ioT  OTv\\\\!v\.e^  \.Vv^  dv^^reuces  between 
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the  amplitudes  at  a  given  stage  in  the  course  of  the  subsidence  with 
various  fields,  and  the  amplitudes  at  the  same  stage  in  the  subsidence 
with  zero  field.  The  stage  chosen  was  in  each  case  the  instant  after 
the  completion  of  the  fortieth  vibration  after  the  attainment  of  the 
initial  amplitude  indicated  on  the  curve.    The  abscissffi  are  galvano- 
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meter  deflections  and  are  proportional  to  the  fields :  each  unit  of 
deflection  means  a  field  of  15*54  C.G.S.  units. 

Curve  I  shows  the  effects  of  the  various  fields  on  the  wire  as  it  was 
received  from  the  makers.  The  wire  was  then  hardened  by  being 
drawn  down  as  described ;  and  it  was  then  foimd  that  no  effect  of 
magnetisation  on  subsidence  was  perceptible. 

The  nickel  wire  was  next  annealed  by  heating  it  to  a  bri^bt  \^\\s».\» 
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and  then  plungiug  it  into  cold  wat«r ;  when  it  wm  found  to  be  softer 
than  it  was  originally.  For  tha  original  wire,  for  example,  the  modulm 
of  rigidity  was  7"97  ?<  10  C.G.S,^  for  the  wire  as  drawn  down  is 
was  8*06  X  10  C.G.S.,  and  for  the  annealed  wire  it  was  7  "81  x  id 
C.G.S.  Curve  II  is  the  curve  for  the  annealed  wire  corresponding  Ut 
curve  I,  that  is,  showing  the  differentes  after  forty  oscilkktioos  ot 
the  amplitudes  of  oscillation  of  the  wire  under  ihe  various  fieldi 
and  the  amplitude  with  zero  lield.  The  latter  amplitude  it  is  to  J>e 
remembered  was  the  greater. 

After  annealing  and  re- drawing  ha<l  been  performed  iu  successioEL 
the  wire  gave  curve  III,  and  its  rigidity  modulus  was  8 '318  x  10 
COS. 

These  three  curves  make  it  clear  that  the  effect  of  the  magnetic 
field  on  the  internal  viscosity  of  a  nickel  wire  depends  very  largely  on 
the  hardness  of  the  metal,  as,  of  course,  we  should  expecL 

The  progressive  modification  of  the  groups  of  molecular  magneto  W 
the  magnetic  field  is  opposed  by  the  greater  resistance  Introduced  W 
the  hardening,  and  the  changes  due  to  the  field  are  not  produced.  In 
the  annealed  condition  the  wire  has  its  groups  much  more  at  liberty 
to  take  up  a  new  arrangement,  aiid  this  is  shown  also,  of  course^  by 
the  smaller  magnetic  susceptibiHty  in  the  hardened  condition. 

Curves  1^,,  11,,,  give  the  results  iis  m  I  and  II,  hut  after  twenty 
oscillationij.  It  will  }ye  observed  that  while  11^  is  above  II  iip  to  and 
l)eyond  the  field  uf  maximum  diffei'enLC  of  amplitude^  and  is  then  belou 
II,  curve  Ij,  is  below  I!  throughout  its  entire  course- 

Effect  of  Dmuiuq  Down  i/n  ih*:  Iron  Wm\ — This  is  shown  in  fig,  2»  in 
which  the  ordiiutte^^  and  abscissa  represent  the  ^ame  quantities  as  d(j 
the  ordinates  and  abscissse  of  the  curx^cs  in  fig.  1,  aft^r  twenty  oscil- 
lations in  each  tasc.  The  amplitude  for  iron,  it  is  to  be  reniembere^l, 
is  greater  with  field  than  with  no  field.  The  steep  rise  of  curve  I^  and 
the  horizt-ntality  of  the  remaining  part,  show  the  fact  noted  in  the 
former  paper,  that  the  effect  of  the  magnetisation  in  iron  is  attained 
\nth  low  fields^  and  that  higher  then  produce  little  further  effect. 

After  the  results  shown  in  curve  I  had  been  obtained  the  wire  was 
drawn  through  two  holes  of  the  driiw  plate,  and  after  this  treatment 
gave  curve  II.  This  curve  is  lower  and  rises  less  sharply  than  I, 
showing  that  the  internal  viscosity  of  the  ^^nre  w^as  not  so  much 
atiected  by  the  magnetic  field  as  previously. 

The  diawn  wire  was  then  anne^iled,  and  gave  curve  III,  which  does 
not  differ  much  from  L  Further  drawing  down  resulted  in  curve  IV, 
which  is  practically  a  straight  line,  that  is,  the  difTerence  is  now  nearly 
proportional  to  the  field.  Ke-annealing  of  the  now  much  thinner  wire 
gave  curve  V,  ^\hich  shows  a  very  distinctly  greater  effect  of  magneti- 
.sat ion  on  viscosity  than  ever  before.  The  repeated  drawing  and 
Hnnealing  process  thus  scenic  to  Te%uVt  \n  t\i^  %wa^>j  'CLWv.eakWl  wire  m 
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i  a  collocation  of  molecules  much  more  easily  affected  by  a  magnetic 
ttfield 

y  Effect  of  Permanent  and  Temporary  Strain  in  Nickel  Wire. — This  is 
r  illustrated  on  fig.  3,  which  is  constructed  on  the  same  principle  as 
3  figs.  1  and  2.  Curve  I  describes  the  behavioiur  of  the  wire  in  its 
3  original  state.  After  this  curve  had  been  obtained  for  the  different 
!  fields,  a  weight  (that  of  a  large  vibrator)  of  11,202  grammes  was  hung 
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on  the  wire  and  left  for  two  days.  At  the  end  of  that  time  curve  II 
was  obtained,  showing  that  the  permanent  strain  had  increased  the 
differences  of  amplitude  remaining  after  the  forty  oscillations.  The 
weight  was  left  on  for  another  2  days,  and  curve  III  was  observed. 
Two  repetitions  of  the  process  gave  curves  IV  and  V,  which  practically  . 
coincide  with  III,  and  are  not  drawn. 

It  is  remarkable  that  permanent    strain  shoxAd  YidN^  \w  \>ci$^<i^ 
pTActJcaJljr  the  same  effect  as  annealing  in  increasing  t\i^  eSft^\*  c^  ^^^ 
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on  the  rate  of  Butieidaiice,  which  effec;!  it  Is  to  be  remembered  \m  m 
riiekel  nn  increase.^ 

The  wire  was  now  allowed  to  rest  for  n  fow  days  uithout  any  wetgk 
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upon  it ;  but  it  was  found  that  the  enrve  then  obt^ned  coincided  with 
curves  HI,  IV,  and  V,  so  that  the  rest  seemed  to  produce  no  effect. 

The  heavy  vibrator  wiia  now  hung  on  instead  of  the  light  one,  which 
had    been  ueed  in  all  the  previoUB  experiments  with   both    wires* 

•  S^  the  farmer  piper,  lo<^.  tit*  I 
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Curve  Vn  was  obtained.  The  light  vibrator  and  the  heavy  one  were 
then  used  again  in  succession  and  gave  curves  YIII  and  IX.  Probably 
the  difference  between  curves  YIII  and  IX  was  due  to  the  additional 
longitudinal  strain  (in  this  case  temporary)  given  to  the  wire  by  the 
additional  load.  The  subsidences  were  taken  for  all  the  curves  after 
forty  vibrations  no  matter  which  vibrator  was  used. 

The  difference  between  cunres  VII  and  IX,  it  will  be  noticed,  is  a 
twofold  one ;  a  much  greater  maximum  of  effect  and  a  shifting  of  the 
maximum  to  a  greater  field. 

It  seems  not  impossible  that  the  main  differences  between  nickel  and 
iron  disclosed  by  the  experiments  described  in  the  previous  paper,  and 
the  effects  now  discussed,  may  be  explained  by  supposing  that  the 
groups  of  magnetic  molecules  in  nickel  lie  in  layers  across  the  wire, 
separated  by  a  matrix  of  conducting  material  which  becomes  hardened 
by  drawing,  and  prevents  the  progressive  changes  in  the  groups  from 
the  initial  condition  of  closed  chains,  which  is  brought  about  by 
magnetic  force.  On  the  other  hand,  the  supposition  would  be  that  in 
iron  the  molecular  magnets  are  in  longitudinal  groups  with  non- 
magnetic material  between.  Thus,  in  the  vibrating  wire  in  the  first 
case,  the  conducting  material  moving  in  the  field  of  the  molecules 
would  give  rise  to  dissipation  of  energy,  and  there  would  be  a  greater 
rate  of  subsidence  in  the  field  than  without  it. 

In  the  other  case  it  is  conceivable  that  the  changes  of  the  longitudinal 
and  initially  more  or  less  nearly  closed  chains  might  result  in  such  a 
modification  of  field  as  to  result  in  less  dissipation  of  energy  by 
induction  currents  due  to  relative  motion  of  the  conducting  substance 
and  the  molecular  magnets,  for  the  conducting  matter  between  the 
longitudinal  rows  of  elementary  magnets  may  move  in  a  feebler  field 
after  the  magnetisation  than  before,  owing  to  the  breaking-up  of  the 
closed  chains. 

The  effect  of  permanent  and  temporary  longitudinal  strain  in  nickel 
seems  contrary  to  what  we  should  have  expected.  It  is  known  that 
longitudinal  strain  on  nickel  diminishes  its  longitudinal  magnetisation, 
and  judging  from  this  we  should  have  rather  expected  the  contrary 
effect  to  that  which  we  have  observed.  There  is  however,  no  doubt  as 
to  the  result,  which  is  borne  out  by  many  sets  of  observations.  The 
cause  must  be  matter  for  further  consideration  and  experiment. 
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This  is  a  contrivance  for  finding  the  area  of  a  plane  figure  by 
of   a   transparency.     The   design    in   the   tranaparency  cotisisls   of  4 

number  of  radiating  lines.     Each  of  these  lines  i&  graduated^ 

There  are  variouB  patterns  ol  tbia  desigi],  and  their  respective  ci&imf 
to  convenience  and  accuracy  form  a  wide  field  for  discussion.  In  the 
accompanying  transparency  (reproduced  in  the  figure),  which  is  fairlj 
simple  and  effedtive,  there  are  eleven  straight  lines  nidiating  from  a 
point  at  equal  angles.  The  way  in  which  the  transpiirency  is  used  if 
as  follows : — 

The  figure  whose  area  is  to  be  found  is  placed  under  the  IranspareDcy,  1 
in  close  contact  with  it^  so  that  its  contour  Ues  jmi  between  the  two 
outside  lines  of  the  transparency,  i.e.^  so  that  each  out^aide  line  touchesj^ 
the  contour,  or  passes  through  a  cusp  or  angular  point,  or  contains 
some  reL'tilineal  portion  of  the  contour.  Each  of  the  radiating  liue= 
thus  becomes  a  tangent  or  transversal,  or  contains  a  side  of  the  figure. 
The  gTfiduations  of  the  right-hand  points  of  intersection  of  these 
trauaversids  are  read  and  added  together;  then  the  graduations  of  the 
left-hand  points  of  intersection  are  re.ul  and  added  together.  The 
second  sum  is  subtracted  from  the  first ;  and  the  result  records  the 
number  of  square  inches  in  the  figure. 

It  will  be  seen  that  if  each  of  the  outside  lines  touches,  or  passes 
through  an  angular  point  of  the  figure,  there  ^ill  be  eighteen  gradua- 
tions to  be  read — those  on  the  outside  lines  cancelling  each  other.  It 
one  of  the  outside  lines  contains  a  rectilineal  portion  of  the  contour, 
there  will  be  twenty  graduations  to  read ;  if  both  outside  lines  do  so, 
twenty-two  graduations  must  be  recorded. 

If  a  quicker  use  of  the  area-scale,  with  less  chance  of  accuracy,  is 
desired,  the  figure  to  be  quadrated  may  be  placed  so  as  to  lie  just 
between  the  first  and  ninth,  or  the  first  and  seventh,  or  the  first  and 
fifth  lines,  in  which  cases  fourteen,  or  ten,  or  six  graduations  will  be 
read  respectively. 

If  the  figure  is  too  large  to  be  included  between  the  outside  lines, 
it  may  be  divided  into  two  parts  by  a  straight  line  drawn  across  it,  or 
into  three  parts  by  a  pair  of  straight  lines  inclined  to  one  another  at 
the  same  angle  as  the  outside  lines,  which  may  be  done  by  means  of 
the  cardboiird  slip  accompanying  the  diagram.  The  second  of  these 
methods  of  dividing  up  the  figure  may  be  also  employed  when  it  is 
desired  to  obviate  the  inaccuracy  that  may  result  from  the  two  outside 
Jines  otherwise  being  tangent  to  l\ie  ^g;v3kie. 
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Suppmo  tlie  equatiof!  of  a  cunre  to  be 

a 

f^>  ^  a+hS^€&^  +  d0^, 

^ 

the  tti^A  l^etween   tlie  cune,  the  initial   line,  i 

mii 

tile  raditu  vector  1 

*** 
TimkiDg  angli3  2^  with  the  initial  line,  U  ^        r* 

,  0 

d9; 

U., 

1 

aB^%hm  +  5^  +  4^/^,  i"  *?.,  8,  say. 

Now  if  ?a,  r-2  be  the  outside  radii  of  the  sector  so  finadmted,  and  r\\m 
the  radius  vectc^r  bisecting  the  angle  lietween  theni^  it  can  be  setsn  that 

ra-  =  *?  +  2be  +  ^^&^  +  BilB^ ; 

whence,  aiBuming  (Anr  +  Bri^  +  Osr)  ^  =  8,  and  aolviiig  three  of  the 
four  simultaneous  equations  for  A,  B,  C,  wt*  get  vahies  A  -  J,  B  =  f,  C= J, 
which  also  B-itisfy  the  fourth. 
We  liave  then 

The  design  on  this  particular  transpai-ency  is  made  on  the  assump- 
tion that  each  of  the  ten  separate  portions  of  the  curve  between  the 
first  and  third,  the  third  and  fifth,  .  .  .  the  ninth  and  eleventh 
radiating  lines,  approximates  to  some  member  of  the  above  family  of 
curves. 

Anyone  acquainted  with  the  discussion  of  are^is,  in  Cartesian  co- 
ordinates, in  terms  of  a  series  of  equidistant  ordinates,  and  their 
common  distance  apart,  given  in  Bertrand's  Cahul  Ink^gral,  Section  363, 
will  see  an  analogy  in  the  foregoing  expression  of  the  area  of  a 
sector  in  terms  of  the  squares  of  three  equally  inclined  radii  and 
their  common  inclination.  Other  designs  of  the  transparency  can  be 
made  on  the  assumption  of  larger  portions  of  the  curve  approximating 
to  tnembers  of  families  of  curves  in  which  ?-  is  equal  to  a  rational 
algebraical  function  of  d  in  ascending  powers  of  0,  of  degree  higher 
than  the  third.  On  the  whole  it  is  easier,  and  possibly  more  effective, 
to  use  the  method  employed  above,  in  the  same  way  as  "  Simpson's 
Rule "  uses  the  corresponding  theorem  in  Cartesian  co-ordinates. 
There  is  no  reason  to  suppose  that  "  Simpson's  Rule  "  gives  a  less 
accurate  approximation  in  the  generality  of  cases  than  "Weddle's 
Rule  "  *  or  the  numerous  rules  deducible  in  terms  of  the  co-efficients 
calculated  by  Cotes.    • 

An  investigation  of  the  family  of  curves 

r2  =  a  +  bd  +  cO'^^dm 
*  See  Boole's  '  Finite  Differences.' 
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shows  that  they  form  a  large  variety  of  spirals.  An  important  point 
to  notice  is  that  if,  as  usual,  <^  denotes  the  inclination  of  a  radius  to 
the  tangent  at  its  extremity,  we  have  tan  <^,  i.^.,  rdO/dr,  equal  to 

'  b-\-2ce-h3de'i"  ' 

which,  in  general,  cannot  be  zero  unless  at  the  origin,  when  the  curve 
passes  through  the  origin.  This  means  that  error  is  likely  to  be 
perceptible  when  the  curve  quadrated  is  such  that  any  tangent  to  it 
passes  through  the  point  of  radiation  ;  e.g.,  when  the  outside  lines  are 
tangents  to  the  curve ;  or  when  the  curve  is  re-entrant  in  such  a  way 
that  any  one  of  the  radiating  lines  gives  three  or  four  readings.  The 
design  may  be  expected  to  give  the  best  results,  therefore,  when 
arranged  so  that  the  outside  lines  past  through  cusps  or  angular  points 
of  the  curve,  and  so  that  no  radiating  line  crosses  it  more  than  twice. 
For  curves  in  which  there  are  no  sharp  points,  it  is  best,  therefore,  to 
divide  into  two  or  three  areas. 

There  is  no  reason  why  the  presence  of  points  of  contrary  flexure 
should  be  supposed  to  vitiate  the  results.  For  the  eqiiation  for  6 
giving  the  positions  at  which  such  points  occur  in  the  stated  family  of 
curves,  will  be  found  to  be,  in  general,  of  the  sixth  degree. 

Calculable  deviations  from  strict  accuracy  may  be  expected  in  the 
case  of  nearly  all  the  well-known  regular  curves  quadrated  by  means 
of  the  area-scale.  If,  as  in  the  present  pattern,  the  angle  between  the 
outside  lines  is  half  a  radian,  these  deviations  will  be  found  to  be 
insignificant,  except  in  the  cases  of  oval  curves  touching  the  outside 
lines  and  not  treated  as  suggested  on  p.  292. 
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*'  On  the  Conipressibility  oi  8olh^''    By  J,  Y,  BUGIIANAK*  FILS. 
Keceived  February  11 » — ^Bead  February  25,  1904 

The  tiolida  dealt  with  in  this  research  are  the  metak  platinum^  golil 
copper*  aluminium,  aud  magnesium.  Their  al>£$olute  linear  eompressi- 
hilitie^  were  directly  determined  at  presstirea  of  from  2<M> — 300 
atmospheres  at  temperatures  l3Ctweeti  7' and  11"  G-  Thtj  determim' 
tionfl  were  made  by  the  same  method,  and  with  the  ^ame  instrumeia 
which  I  used  for  the  determination  of  the  compreasihility  of  gli--  r 
i88l>;*  An  neivrly  a  quarter  of  a  century  has  passed  since  then  it  ^^^  i 
1x5  expedient  to  recall  the  principal  features  of  the  instrument,  and  d 
the  methofL 

The  idea  of  it  occurred  to  me  on  the  evening  of  March  23,  1875»  the 
day  on  which  the  "  Chjillenger  "  made  her  deepest  sounding,  namely, 
4475  fathums  (8055  metres),  and  I  was  able  to  put  it  in  practice 
6  days  later,  on  March  29,  when,  however^  the  depth  was  only 
5450  fathomi?  (4410  metres).  The  observations  which  I  was  makifig 
xlnring  the  voyage  on  the  comprcssiI>ility  of  water »  sea- water,  anrf 
mercury,  were  of  little  value  without  a  kiiowlefl^  of  the  compressi- 
bility of  the  envelope  which  contained  them.  It  was  a  matter  to 
which  I  had  given  much  thought.  I  had  studied  all  the  methods 
which  had  heen  used  up  to  that  date,  but  they  had  all  turned  out  to  ^*e 
faulty. 

The  idea  of  utilising  the  linear  compressibility  of  glass  in  order  i<. 
arrive  at  its  cul>ic  compressil>ility  had  occurred  to  me,  as  it  had,  r.*' 
doul)t,  occurred  to  many  others,  l»efore.  The  difficulty  lay  in  giving 
the  idea  experimental  expression.  It  was  clear  that  the  instnmient 
would  fall  to  be  classed  as  a  piezometer,  and  would  have  to  be  a  self- 
registering  one,  because  what  takes  place  in  the  depths  of  the  sea  i? 
removed  from  observation.  All  my  piezometers  contained  a  liquid, 
and  this  I  had  recognised  to  ])e  fatal  to  al)solute  measurements.  The 
problem  had,  therefore,  come  to  be  :  to  design  a  piezometer  which 
should  contain  no  liquid  ;  and  it  was  the  solution  of  this  problem 
tvhich  occurred  to  me  on  the  evening  of  March  23,  1875. 

The  form  which  the  instrument  took  was  very  simple.  In  my 
laboratory  outfit  I  had  included  some  lengths  of  tubing  suitable  for  the 
stems  of  piezometers,  of  which  I  had  to  make  a  number  during  the 
voyage.  In  ortier  to  be  able  to  use  the  indices  of  broken  deep-sea 
thermometers,  the  tubes  had  the  same  internal  diameter  as  the  stems 
of  these  instruments,  about  1  nun.  On  the  outside  of  the  tubes  a 
.scale  of  millimetres  was  etched.  I  took  the  greatest  available  lens:tb 
of  this  tube,  namely  60  cms.  I  then  drew  out  a  wire  of  the  sanu' 
glass  and  passed  it  into  the  tube  until  it  appeared  at  the  other  end  of 
*   '  Roy.  Soc.  Edin.  Trans.,'  vol.  39,  p.  589. 
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the  tube.  This  end  of  the  tube  was  then  sealed  up,  and  the  end  of  the 
glass  wire  was  fused  into  it,  so  that,  while  free  throughout  its  whole 
length,  longitudinal  motion  was  prevented.  The  length  of  the  glass 
wire  was  57  cm.,  so  that  there  was  an  empty  space  in  the  tube  of 
3  cm.  above  it.  The  magnetic  index  of  a  broken  deep-sea 
thermometer  was  re-haired  and  passed  into  the  tube  above  the 
glass  wire.  The  open  end  of  the  tube  was  then  sealed  up.  The 
result  was  a  piezometer  consisting  of  nothing  but  glass.  In  principle 
it  was  precisely  the  same  as  any  of  the  other  piezometers.  The  indices 
of  these  give  the  difference  between  the  compression  produced  by  the 
pressure  on  the  contents  and  on  the  envelope.  In  the  case  of  the  other 
piezometers,  which  contained  liquids,  the  balance  was  on  the  side  of 
the  contents.  In  the  all-glass  piezometers  the  contents,  besides  being 
of  the  same  material  as  the  envelope,  were  completely  protected  from 
pressure,  and  the  whole  of  the  change  of  length  measured  fell  to  the 
envelope.  It  has,  therefore,  a  feature  which  is  possessed  by  no  other 
instrument ;  with  it  the  absolute  compressibility  of  a  solid  is  determined 
by  one  measurement. 

Before  the  instrument  was  attached  to  the  sounding  line,  the  index 
was  brought  down  by  means  of  a  magnet  to  rest  on  the  end  of  the 
internal  glass  wire,  exactly  in  the  same  way  as  if  it  had  been  the 
mercury  column  in  a  maximum  and  minimum  thermometer.  The 
instrument  was  then  sent  to  the  bottom,  or  to  whatever  depth  might 
be  decided  on. 

Diu'ing  the  descent  the  temperature  of  the  glass,  both  inside  and 
outside,  fell  with  that  of  the  water  through  which  it  passed,  but  as  the 
contraction  produced  was  the  same  on  the  wire  and  on  the  tube,  there 
was  no  differential  effect  to  be  recorded  by  the  index.  On  the  other 
hand,  the  increasing  pressure,  as  the  instrument  descended,  affected 
only  the  outside  tube,  which  it  shortened.  In  contracting,  it  was 
obliged  to  pass  the  index,  which  was  kept  in  its  place  l)y  the  internal 
wire.  When  the  instrument  was  being  hove  up,  the  reverse  process 
took  place  ;  the  tube  lengthened,  and  lifted  the  index  clear  of  the 
internal  wire  by  an  amount  equal  to  the  lengtliening  of  that  portion  of 
the  tube.  As  the  whole  clearance  pro<luced  by  the  expansion  from  the 
greatest  depth  did  not  exceed  1  mm.,  its  amount  had  to  be  estimated 
I)y  the  eye  with  the  assistance  of  a  magnifying  glass. 

The  experiment  made  on  March  29,  1875,  was  quite  successful,  and 
it  gave  3*74  as  the  cubic  compressibility  per  million  per  atmosphere, 
of  the  glass  of  which  the  tube  was  made.  The  exact  figure  found  in 
1880  for  glass  from  the  same  source  was  2-92.  A  numl)er  of  observa- 
tions were  made  with  the  instniment,  both  on  the  sounding  line  and  in 
the  compression  apparatus  with  which  the  ship  was  supplied,  and 
figures  from  3 — 5  per  million  were  foun<l.  These  were  sufficient  to 
give  the  order  of  the  constant  which  was  sought,  but  it  was  impossible 
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with  the  appliances  at  haEirl  to  measure  atieh  msoM  di^yuices  will 
sufficient  accuracy  to  enable  a  definite  vsiltie  to  t»e  detenmned* 

On  the  return  of  the  ship  I  eniljodierl  the  principle  in  an  instruineut 
of  precision,  which  I  had  constructed  in  the  early  pare  of  1S80,  uui  I 
used  it  in  the  month  of  June  of  that  year  for  the  exact  detemiiiatacii! 
of  the  compreseibility  of  the  glass  which  ha^l  }fmn  tised  in  ik 
eonatniction  of  my  '* Challenger*'  piezometers. 

It  is  this  instrument,  «ijd  without  any  n Iteration,  which  I  ha\'e  ii^ 
for  the  purpose  of  the  preisent  research. 


Pio  K 


With  the  assistance  of  fig.  1,  its  features,  and  the  distrilHition  of  it- 
parts,  will  be  apparent  without  any  lengthy  description.  It  consists  of 
three  parts :  the  force  pump  on  the  left,  the  receiver  for  the  reception 
of  piezometers  or  other  boflies  on  the  right,  and  l)ehind  these,  the  blocl^ 
with  tubes  projecting  on  either  side  to  receive  the  rod  or  wire  of  thr 
solid,  the  compressibility  of  which  is  to  l>e  determined.  Every  jxirt  o: 
the  instrument  is  made  of  steel.  The  part  which  most  concerns  the 
present  research  is  the  steel  block,  in  the  rear,  with  tubular  prolongation- 
AMien  the  rod  or  wire  to  be  experimented  with  has  been  introduced,  tht 
ends  of  the  tubes  are  closed  with  thick  glass  tubes,  which  are  kept  i:. 
their  places  l»y  open  steel  caps.  Each  of  these  tubes  is  commanded  by., 
microscope  with  micrometer  eye-piece.  In  1880,  when  the  instrumer.: 
was  housed  in  a  rcK)m  with  a  stone  floor,  these  microscopes  stood  <'ii 
threedegged  stools,  as  shown  in  the  figiue.  As  the  room  with  tht 
stone  floor  was  no  longer  available,  I  had  to  instal  the  instrumen: 
«lose  to  the  windows  of  the  laboratory,  which  has  a  wooden  floor,  .mi 
fix  metal  brackets  in  the  wall  to  carry  the  microscopes.  In  both  cases  thr 
micrometers,  which  measure  the  expansion  or  contraction  of  the  Ixxiy 
under  examination,  are  independent  of  the  instrument  which  holds  it. 

The  fixmoi/irfi,-,  which  indicates   the   pressiu'C   in  the   instrument,  is 
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seen  under  the  steel  block  which  carries  the  tubes.  It  is  simply  a 
mercurial  thermometer  Mrith  a  very  thick  bulb.  The  scale  on  it  is 
an  arbitrary  one,  and  its  value  as  a  measure  of  pressure  is  fixed  by 
observing  its  reading  when  the  principal  piezometer  which  I  used 
during  the  voyage  of  the  "  Challenger "  was  in  the  receiver.  This 
piezometer,  known  as  C  No.  1,  contained  distilled  water,  and  from 
very  many  carefully  executed  experiments  at  depths  from  800  fathoms 
(1440  metres)  up  to  2500  fathoms  (4500  metres),  made  in  the  South 
Pacific  where  the  oceanic  conditions  were  most  favourable,  the  apparent 
compression  of  distilled  water  in  this  particular  instrument  at  the 
tempera tiu-e  ruling  in  these  depths,  which  averages  in  round  figures 
2°  C,  and  when  exposed  to  measured  columns  of  sea-water,  of  known 
quality  as  regards  density,  was  accurately  known.  The  indications  of 
the  manometer  are,  therefore,  equivalent  to  those  of  piezometer  C  No.  1, 
the  standardisation  of  which  was  effected  under  an  open-air  water 
column.  The  observations  made  with  C  No.  1  on  board  the 
"Challenger,"  which  form  the  basis  of  the  scale  of  pressures,  are 
collected  in  Table  I.  They  are  expressed  in  terms  of  the  apparent 
compressibility  of  distilled  water  deduced  from  them. 

In  the  table  the  vertical  lines  represent  apparent  compressibility  in 
volumes  per  million  per  atmosphere,  rising  by  steps  of  1  per  million 
from  45 — 55,  so  that  all  the  values  of  the  compressibility  falling 
l>etween  say  45  and  46,  or  49  and  50  are  arranged  in  one  colmnn. 
Above  each  entry  of  apparent  compressibility  will  be  found  the  depth  in 
metres  to  which  the  instrument  was  sent,  and  the  temperature  (**  C.)  of 
the  sea-water  at  that  depth.  The  depth  is  expressed  in  metres  because 
it  so  happens  that  the  average  density  of  the  water  in  this  part  of  the 
South  Pacific,  allowance  being  made  for  the  vertical  distribution  of 
temperature,  compression,  and  salinity,  is  such  that  a  vertical  column 
of  it  10  metres  high  exercises  very  exactly  the  same  pressure  as 
760  mm.  of  mercury.  So  that  the  depth  in  metres,  divided  by  10, 
gives  the  pressure  in  ordinary  atmospheres.  At  great  depths  a  very 
slight  correction  has  to  be  made  ;  the  nature  of  this  will  be  app*irent 
from  the  following  table,  in  which,  for  different  depths  in  metres,  D, 
the  pressure  P  in  atmospheres  is  given  : — 

D 1400         2000         3000         4000         5000         6000 

P 139-96     20014     300*82     401*98     503*62     605*75 

Owing  to  the  preponderance  of  water  of  low  temperature  and  of 
very  uniform  salinity  in  a  vertical  column  of  water  in  any  part  of  the 
open  ocean,  the  pressure  exercised  by  it  per  thousand  metres  does  not 
differ  appreciably  from  100  atmospheres. 

Inspection  of  Table  I  shows  at  once  in  which  column  the  true 
value  of  the  apparent  compressibility  is  most  likely  to  be  found.  It  is 
the  one  which  includes  values  between  49  and  50.     Outside  of  this 
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column  it  k  only  the  adjacent  one  oontaining  valuei  between  4S  and 

49  wliich  enters  into  eompetition.  The  mefin  of  all  the  rallies  in  these 
two  columns  is  49^1  G,  and  this  figure  forms  the  basis  of  the  measiu^jnent 
of  prcsaure  in  this  investigation,  and  it  ifl  lused  in  interpreting  the 
preaanre -value  of  the  readings  of  Piezometer  C.  No.  1,  when  b^g 
compared  with  those  of  the  manometer  used  for  the  ordinary  meftsuK^ 
ments  of  the  pressure  iti  the  ap|>aratus. 

The  ehiiTige  of  apparent  cotiipressibility  of  water  ^nth  change  of 
temperature  for  the  small  range  of  temperatures  with  which  we  are 
concerned  was  found  in  1880  to  l>e  at  the  rute  of  0-33  per  degree 
(Celsius)f  and  this  figure  is  used  in  the  present  ref!iCareb. 

3[icrom£krs. — The  same  microscopes  and  mierometerSf  which  served 
in  1880,  were  again  used  in  this  research.  "^Fheir  value  was  determjned 
by  reference  to  a  stage  micrometer^  ruled  into  himdre<ithi»  and 
thousandths  of  an  inch.  This  was  then  verified  at  the  National 
Physical  Laboratory,  The  changes  of  length  measured  by  the 
micrometers  are  therefore  given  in  terms  of  the  standard  inch  ;  and^ 
it  may  l>e  iiddcd,  the  values  attiiched  to  the  readings  of  the  micro- 
meters in  1880  were  exactly  the  same  as  those  now  found  by  reference 
to  the  standard  of  the  National  Physical  Laboratory. 

In  the  microscope  which  was  always  placed  on  the  left  hand,  one 
division  was  equivalent,  on  the  stage,  to  00004211)  inch.  In  the 
one  on  the  right  hand  one  division  was  equivalent  to  00004 167  inch 
on  the  stage. 

As  the  contractions  or  expansions  are  given  directly  in  terms  of 
the  inch,  the  totid  length  of  the  rod  is  given  in  inches  also.  In  order 
to  bring  the  ends  into  a  suitable  position  for  observation  with  the 
microscopes  the  length  of  the  rod  or  wire  had  to  be  not  less  than  75 
or  greater  than  755  inches.  The  actual  lengths  were  measure<l 
exactly  in  each  case.     The  average  was  75'32  inches  (1*913  metres). 

To  facilitate  the  observation  of  the  ends  through  the  thick  glass 
tube  a  piece  of  microscopic  covering  glass  was  moistened  with  a  drop 
of  water  and  laid  horizontally  on  the  tube,  producing  the  same  effect 
as  if  a  flat  surface  had  been  ground  and  polished  on  it. 

The  effect  observed  and  measured  is  the  lengthening  of  the  rod 
when  the  pressure  is  relieved.  As  the  compressibility  of  solids  is 
very  small,  the  highest  pressures  have  been  used  which  were  found  to 
be  compatible  with  the  reasonable  persistence  of  the  iilass  terminals: 
the  usual  pressure  was  in  the  neighbourhood  of  200  atmospheres. 
Very  few  of  the  glass  terminals  stood  over  300  atmospheres.  The 
pressures  actually  chosen  were  as  nearly  as  possible  those  at  which  the 
manometer  had  been  compared  with  the  "  Challenger  "  piezometer. 

The  body  under  observation   is  in  the  form  either  of  a  rod  or  a 
uirc.     If  it  IS  in  the  form  oi  a  vod  tVvew  \t  k  tltted  with  wire  ends  of 
sufticientlv  small  calibre  to  eua\Ae  iVem  ley  (iwx-vrv  \\\vi  ^•a^j.'s.  X-^wsivwa^s.. 
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During  an  experiment  with  a  rod  it  contracts  while  the  pressure 
is  being  raised,  and  expands  again  when  the  pressure  is  relieved.  The 
steel  tube  which  holds  it,  however,  acts  in  the  opposite  sense,  it 
expands  while  the  pressure  rises  and  contracts  while  it  falls.  If  the 
two  surfaces  were  perfectly  smooth,  one  half  of  the  change  of  length 
would  be  measured  at  the  one  end  and  the  other  half  at  the  other  end. 
As  the  surfaces  are  not  perfectly  smooth,  this  does  not  usually  occur. 
Moreover  the  steel  tubes  are  prolongations  of  the  central  steel  block 
which  holds  them.  The  block  is  bored  with  holes  at  right  angles  to  each 
other  in  the  three  principal  directions.  Consequently  for  a  distance  of 
about  an  inch  and  a  half  in  passing  through  the  block  the  rod  is  not 
supported  at  all.  With  the  exception  of  this  small  portion,  however, 
the  rod  is  supported  throughout  the  whole  of  its  length  by  the  steel 
tube.  Now,  although  it  is  thus  nominally  supported  equally  throughout 
the  whole  of  its  length,  we  know  that  in  reality  this  is  pretty  certain 
not  to  be  the  case.  At  some  place,  either  in  the  right  arm  or  in  the 
left  arm  of  the  apparatus,  the  rod  is  sure  to  bear  more  heavily  than 
in  any  other  part.  The  contraction  under  pressure  and  the  expansion 
imder  relief  of  pressure  will  then  apparently  take  place  as  from  this 
point  as  origin.  Supposing  this  point  itself  to  be  motionless,  it  is 
evident  that  the  change  of  length  measured  at  the  two  ends  will  be 
in  the  same  proportion  to  each  other  as  would  be  the  arcs  which  they 
would  describe  if  the  rod  were  a  lever  oscillating  on  the  point  as  a 
fulcrum.  As  there  is  no  support  at  all  at  the  centre,  this  point  must 
lie  on  one  side  or  on  the  other  of  it  and  the  motions  of  the  ends  must 
l>e  unequal.  But  the  fixed  point  of  the  tubular  receiver  is  the  central 
block;  therefore  any  point  in,  let  us  say,  the  right-hand  tube  will, 
when  pressure  is  being  raised,  move  to  the  right,  and,  on  relief  of 
pressure,  retreat  by  an  equal  amount  to  the  left.  Consequently  when 
we  observe  and  measure  the  change  of  position  of,  for  instance,  the 
right-hand  extremity  of  the  rod,  when  the  pressure  is  relieved,  that 
change  of  position  is  composed  of  two  motions,  the  expansion  of  the 
part  of  the  rod  which  lies  between  the  right-hand  extremity  and  the 
point  in  it  whose  motion  with  respect  to  the  steel  carrying  tube  is  ////, 
along  with  the  proper  motion  of  that  point.  Similarly,  when  we 
measure  the  change  of  position  of  the  left-hand  end,  it  also  is  composed 
of  two  parts,  the  expansion  of  the  part  of  the  rod  which  lies  between 
the  left-hand  extremity  and  the  same  point  in  the  length  of  the  rod 
where  its  motion  with  respect  to  the  steel  tube  is  nil,  along  with  the 
proper  motion  of  that  point.  But  at  the  left-hand  end  the  motion  of 
expansion  is  to  the  left,  and  at  the  right-hand  end  it  is  to  the  right, 
while  the  proper  motion  of  the  position  of  the  common  point  on  the 
rod  and  on  the  tube  is  always  in  one  direction,  and  in  this  case,  to  the 
left.  Therefore  the  distance  measured  in  the  right-hand  microscope 
is  the  expansion,  of  the  portion  of  the  rod  which  lies  to  the  right  of 
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the  point  on  it  which  ia  motioril^sfl  relatively  to  the  tube  mimmM  tbe 
proper  iiiotioii  nl  this  point :  and  the  distHfiee  meastired  at  the  left 
hand  end  is  the  eiqiansiau  of  the  remainder  of  the  rwi  itltm  the  propter 
iiiotioii  of  the  commou  point.  Consequeiitl}^  the  algebraic  %nm  of  ih« 
two  motions  measured  is  the  expansion  of  the  rod  iinrler  tho  mM 
of  pressure. 

When  the  £»ul)staneG  is  used  in  the  form  of  a  rod,  as,  for  jiigtaiice,  m 
the  case  of  glass,  it^i  ends  are  drawn  out  into  Mire^,  ^uch  that  ih^j 
ean  enter  and  l>e  visible  in  the  ghi«s  tennintik.  \^^hat  we  really 
measure  then  ia  the  change  of  length  under  change  of  pressure  of  the 
axial  glass  wire  in  the  rod,  which  may  1»e  looked  on  aa  a  famm 
of  a  very  large  number  of  similar  but  somewhat  shorter  wirai. 
The  sole  fmietion  of  the^^e  other  wire-s  isi  to  maintain  the  wire  tlul 
falls  under  observation  id  an  axial  position*  It  h  obvious  tint 
this  function  can  be  perform erl  with  equal  efficiency  by  wires  of 
tiny  other  maternal,  and  that  the  conditions  are  in  no  way  alteral 
if  these  are  fused  into  a  tul>e  of  which  the  wire  to  he  me^isiit«d 
may  be  regarded  as  the  core,  Cttnsequenlly  by  my  methoil  the  lin^r 
compressibility  of  a  solid  can  he  determined  as  well  on  a  wire  as 
on  a  rod  ;  and  there  is  mo  limit  to  the  ihinness  of  the  wire,  so  long  as 
it  can  be  handled,  and  ]>e  perceived  in  tlio  microscope. 

These  two  conditions  are,  in  a  way,  antagonistic,  because  for  tho 
microscope  the  finest  possible  point  is  desirable,  while  for  the  handling 
of  the  wire  a  sensible  thickness  is  essential.  Only  in  ihe  case  of  glas.'- 
can  a  good  working  compromise  be  ettected,  because  the  wire  which 
enters  the  glass  terminal  can  ])e  drawn  out  at  the  end  to  the  finest 
possible  hair,  and  the  end  of  the  hair  can  be  fused  into  the  miniUest 
possible  sphere,  which  can  then  Ijc  observed  in  the  microscope  with  the 
sharpness  with  which  a  l)arometer  can  be  read  with  a  good  telescope. 

When  the  substance  under  observation  is  in  the  form  of  a  wire, 
it  lies  in  a  glass  tube  which  fits  the  bore  of  the  steel  tube  as  closely 
as  possil>le.  Its  bore  is  a  very  little  larger  than  that  of  the  glass 
terminals,  or  about  1  mm.  This  tube  acts  as  a  bearer,  and  its  length 
is  as  nearly  as  possible  equal  to  the  distance  which  separates  the  inside 
ends  of  the  glass  teiminals  when  in  position.  When  the  pressure  in 
the  apparatus  is  raised,  both  the  wire  and  the  glass  tube  which  carries 
it  are  shortened,  while  the  steel  tube  which  carries  both  of  them  is 
lengthened,  and  when  the  pressure  is  relieved  the  reverse  takes  ])lace. 
The  glass  tube  behaves  exactly  like  the  glass  rod,  that  is,  it  is  lial)le 
to  a  slight  motion  of  translation.  Siinilaily,  the  wire,  which  is  cai ried 
by  the  glass  tube,  generally  expands  and  contracts  under  pressu'c  at 
a  less  rate  than  does  the  glass,  producing  again  a  slight  apparent 
motion  of  translation.  But  again,  as  in  the  case  of  the  rod,  the 
algel>raic  sum  of  the  observed  motions  is  the  expansion  or  contraction 
of  the  wire. 
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There  is  an  advantage  in  having  a  very  slight  leak  in  the  apparatus. 
The  routine  of  an  observation  is  then  that  the  observer  in  charge  of 
the  pump  and  the  manometer  gets  the  pressure  up  somewhat  higher 
than  that  desired;  he  then  settles  himself  with  the  relieving  lever  in 
liis  hand  and  calls  out  as  the  mercury  in  the  manometer  in  falling 
passes  each  division.  The  observers  at  the  microscopes  read  their 
micrometers  at  the  same  moment.  When  the  pressure  has  fallen  a 
little  below  the  desired  pressure,  the  pressure  is  very  carefully  relieved, 
and  the  readings  of  the  micrometers  and  of  the  manometer  are  taken 
at  atmospheric  pressure.  The  algebraic  sum  pf  the  movements  of  the 
two  ends  on  the  micrometers  gives  the  linear  expansion  of  the  body 
which  has  taken  place,  and  the  difference  of  the  two  readings  of  the 
manometer  gives,  when  interpreted  by  the  help  of  Piezometer  C.  No.  1, 
the  difference  of  pressure  which  has  caused  the  expansion.  The  micro- 
meter measurements  are  then  reduced  separately  to  their  absolute 
values  in  terms  of  the  inch.  The  algebraic  sum  then  gives  the  linear 
expansion  in  terms  of  the  inch.  It  is  then  divided  by  the  length  of 
the  rod  or  wire  in  inches  and  by  the  pressure  in  atmospheres;  the 
resulting  quotient  is  the  linear  compressibility  of  the  metal  or  other 
substance.  Multiplying  this  by  three,  we  obtain  the  cubic  com- 
pressibility of  the  substance,  if  truly  isotropic. 

It  will  be  evident  that,  to  work  with  this  instrument,  three  observers 
are  neeessHiy,  namely,  one  for  each  microscope,  and  .one  to  raise  and 
relieve  the  pressure  and  observe  the  manometer.  I  was  fortunate  in 
l>eiiig  fissisted  during  this  investigation  by  Mr.  Andrew  King,  who 
wa*  formerly  my  regular  assistant,  and  is  now  of  the  Heriot-Watt 
College,  Edinburgh,  and  by  Mr.  J.  lieid.  Demonstrator  in  the  chemical 
laboratory  of  that  institution.  These  gentlemen  gave  up  their 
C'hristmiis  vacation  for  this  work,  and  I  owe  them  a  deep  debt  of 
gratitude  for  the  willingness  and  the  efficiency  of  their  help.  The 
metals  experimented  with  have  been  used  in  the  form  of  wire,  and 
the  size  chosen  was  No.  22  of  the  standard  wire  gauge  (S.W.G.).  In 
the  case  of  aluminium,  however,  the  size  was  No.  20.  The  dimensions 
corresponding  to  these  numbers  are  given  in  the  following  table  : — 


I 


Sectional  Leneth  of 

Xo.  of  wire.  Diameter  of  wire.  area  of         I  ^  z,\ 


wire. 


1  c.c. 


S.W.G.  inch.  |  mm.  sq.  mm.        i  metre. 

20  I  0U3(>         I  0-911         !  U-656         |  1*524 

22  I  0  028         I  0-711         I  0-397         |  2  519 


The  degree  in  which  the  actual  wires  corresponded  with  the  tabular 
specification   was   checked   by  weighing   measured   lengths  of   them. 
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The  weiglit  of  1  metre  of  each  wire  was  a&  follows  :— Platinuin, 
8*156  gramnjus;  gold,  7%^ 20  grammes;  copper,  3*375  gtmmmea: 
aluiuinium  (No.  20),  1'642  grammcii;  and  magDesium^  0^552  graiimae* 
Neglecting  the  magnesinm  which,  being  pressed  and  not  drawn,  is 
very  imeven  in  ita  cjiHbre»  these  figures  show  that  the  actual  wm» 
were  very  slightly  smaller  than  they  ahoiUd  be  by  the  gauge.  Thus, 
in  the  case  of  the  platinum  wire  I  e.c.  occupies  2*636  metres  (lined) 
instead  of  2*519  metres  as  by  the  table. 

The  platinum  and  gold  wii'ch  were  pure  specimens  obtain eri  frcm 
Messrs,  Johnson  and  Matthey  in  the  yetir  1880.  Tlie  copper  wtu 
**  high  conductivity "  copper,  and  it  as  well  ajs  the  aluminium  and 
magnesium  wires  were  of  the  best  quality  obtainable  at  the  prefect 
day.  The  platinum  and  gold  wires  were  heated  to  redness  over  a 
Bunsen  lamp  before  use,  so  that  they  were  thoroughly  annealed.  The 
aluminium  wire  was  also  heated,  though  to  a  much  lower  temperature, 
go  as  to  soften  it.  The  other  metak  were  used  in  the  atate  in  which 
they  were  supplied.  All  the  wires  were  straightened,  but  not  stretched, 
belore  use. 

The  temperature  of  the  wires  during  the  operations  was  always  that 
of  the  laboratory,  and  every  care  was  used  to  keep  it  as  uniform  a^ 
possible,  and  it  was  as  nearly  as  possible  that  of  the  air  outside. 
Working  in  the  middle  of  winter  and  in  a  comparatively  high  latitude. 
1  hoped  to  ))e  al)le  to  do  so  in  conditions  which,  as  regards  temj)eratiire, 
would  ]>e  similar  to  those  which  obtain  in  the  depths  of  the  sea.  bu: 
the  extraordinary  mildness  of  the  weather  this  year  made  it  impo>^il»le. 
and  the  temperatures  fell,  mostly  ]>etween  9    and  11    C.  ^ 

The  results  of  the  investigation  are  set  forth  in  detail  in  Tables  II 
to  VI,  and  thev  are  summarised  in  Table  YIL 


Table  II. — Platinum.     Date,  January  9,  1904.     Temperatiu'e,  7    C. 
Wire  No.  '2'2  S.W.(t.     Length,  75*35  inelies. 


No. 


P. 


Chaiii;e\-^  of  leiiiith. 


Higlitari)],       Lett  iinii, 

r.  I.  ,'  +  / 


Curujn'ession  Linear 

per  uiilliou,       compre<?i. 
bilitT, 
I    '"  T5  35  "  "■       >^P  =  A. 


atiii.  in.  m.  in. 

2^M  0  003750  -O'OOO^U  0  002906  a^  oT  0 'ISS 

201  0  W3750  -0-000970  0  "002780  :u3-.^s  0  IsO 

204  0  00:37r>D  -0-000928  1  0  002822  37    to  0-1S4 

300  0  000292  -0-001181   '  O'OOllll  o^oi)  0  182 


0  1835 
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Table  III.— Gold.     Date,  January  10,  1904.     Temperature,  lO^'-S  C. 
Wire  No.  "22  S.W.G.     Length,  75*4  inches. 


Pressure, 

Changes  of  length. 

Compression 
per  million, 

Linear 

No 

oompressi* 

P. 

Right  arm, 
r. 

Left  arm,    , 
I. 

Sum, 

10«    '     =S. 
75-4 

biUty, 
8/P  -  A. 

atm. 

in. 

in. 

in. 

1 

231 -5 

0 

005208 

-0  -000591 

0  -004617 

61-21 

0-264 

2 

230  0 

0 

005208 

-0-000970 

0  -004238 

56-20 

0-244 

3 

230-0 

0 

005417 

-0-000844 

0  -004573 

60-64 

0-264 

4 

204-0 

0 

005000 

-0  000590 

0-004410 

58-48 

0-287 

5 

2470 

0 

005834 

-0-001181 

0  •oai653 

61-70 

0-254 

6 

230  0 

1  0 

005208 

-0  001094 

0  004114 

54-55 

0-237 

7 

238-5 

1  0 

005000 

-0-000422 

0  -004578 

60-70 

0-255 

8 

238  -5 

|o 

005000 

-0-000422 

0  -004578 

60-70 

0-255 

9 

238  -5 

0 

005208 

-0-000633 

0  -004575 

60-66 

0-254 

10 

273  -5 

1  0 

006042 

-0-000548 

0-005494 

72-85 

0-264 

11 

273-5 

0 

005834 

-0-000211 

0  005623 

74-56 

0-273 

12 

273-5 

0 

006042 

-0-000591 

0-005451 

72-28 

0-264 

13 

273-5 

1  0 

006042 

-0-000464 

0  005578 

73-96 

0-270 

14 

273-5 

'  0 

006042 

-0-000717 

0  -005325 

70-61 

0-258 

15 

273  -5 

'  0 

006250 

-0  000717 

0  -005533 

73-37 

0-261 

16 

273  -5 

0 

006042 

-0-000506 

0  -005536 

73-41 

0-268 

1  17 

269-0 

0 

005834 

-0  000422 

0  -005412 

71  -76 

0-267 

18 

273-5 

0  -006042 

-0-000548 

0  005494 

72-85 

0-266 

! 

0-260 

Table  IV, — Copper.     Date,  January  9,  1904.     Temperature  lO"*  C. 
Wire  No.  22  S.W.G.     Length,  75-3  inches. 


No. 


Pressure, 
P. 


Cliangcs  of  length. 


Bight  arm. 


atm. 

1 

195-5 

2 

230-0 

3 

195-5 

4 

195-5 

5 

247-0 

6 

230-0 

7 

282-6 

0  005664 
0  -006334 
0  -005875 
0-006125 
0  -007417 
0  -006750 
0-007751 


Left  arm, 


m. 
-0-001687 
-0-001687 
-0  001814 
-0-001772 
-0-001856 
-0-001434 
-0  001519 


I    Compression 
— !     per  million, 


Sum, 
r  +  /  =  S. 


\(fi 


75-3 


Linear 


m. 

0 

003980 

0 

0046-47 

0 

004061 

0 

004353 

0 

005561 

0 

005316 

0 

006232 

52-85 
61-70 
53-93 
57-81 
73-85 
70-60 
82-76 
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Table  V. — ^AlumimtiTii.     Date^  January  11,  1904.     Tptiiperaturc,  9*  C* 
Ww  No,  20  HMJJi.    Leogth,  75  35  imhm. 


Ko. 

diftnges  of  lediftK, 

per  uiilliati. 

fimur 

r. 

J 
1 

btJitr, 

196 '5 
161*5 
£30  i> 
178  5 
£5611 

io, 
0"Oa&^42 
01XM900 
OtMOST 

o-oosas4 

0*007251 

is* 

0  oaEias 

C»iX>g742 
0  002K*fl 
O-OU20f)a 

In* 

*>-O0flm5£ 
0*009409 
0O0744S 
0*010246 

9S-5S 
124 '8« 

96-77 
135-96 

o^iie 

Table  VI.— Magnefftum.    Dal«,  Jantiarf  17.  1904.    Teroporatur^.  9'  d 
Wire  Ko.  22  S.AV.O,     Uogtlu  75  :?  incbea. 


No. 


Prosisure, 
P. 


atni. 


Change**  of  length. 


Ki^lit  arm.       Left  arm. 
r.  /. 


Sinn, 


Compression 
per  million, 

10'^    •'     =  S. 


Linear 

compres*. 
bilitv, 

S    P    =    A 


1 

2(n 

0  -OOOIGT 

0  007 120 

!   0-01(;2SS 

216-61 

1  UJ2 

2 

I'Ol 

0  010001 

0  •OOfil'OL* 

0-0162n3 

215  -4S 

1  056 

A 

2(}4 

0  ('09917 

o-oor»329 

0-01624^; 

216  07 

1  059 

4 

204 

O-OIOUH 

0  005991 

0-OUU09 

215-57 

1-057 

5 

204 

0  01054.3 

0  005442 

'  0 -015985 

212 -a) 

1-042 

G 

201 

•  0-011251 

0  -004852 

0-016103 

214-16 

1  -050 

1  054 


Tal»le  VII. — SiininKirv. 


Substance. 


Year. 


Platinum HXU 

Gold 

Copper ,, 

Aluminium   ,, 

Magnesium ,, 

!Mercurv 1875 

Glass,  liint 1880 

, 1904 

German  ....  ,, 


Atomic 
weight. 


194 

197 

f  3 

27 

24 


200 


Densitv. 


21  -5 

19-3 

8-9 

2-t) 

1-75 


13-6 

2-968 
2  -494 


Compres?ibiIi!v 
Linear.  Ciibi. 


0*1835 
0  -260 

0  -288 
0-558 
1-054 

1-33 
0-973 
1-02 
0-846 


0  -5505 
0  -780 
0-S64 
0-167i 
3-162 


3-99 
2  '92 
3-06 
2-54 
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In  the  summary,  Table  VII,  the  compressibilities  of  English  flint 
glass  and  of  the  glass  of  which  ordinary  German  tubing  is  made  as  well 
as  that  of  mercury  have  been  included  for  purposes  of  comparison. 
The  compressibility  of  mercury  rests  upon  a  large  number  of  observa- 
tions made  in  the  "  Challenger,"*  by  which  its  apparent  cubic  com- 
pressibility was  found  to  b§  1*5  per  million  per  atmosphere.  The 
piezometers  which  were  used  for  this  purpose  were  made  by  myself  on 
board.  The  divided  stems  were  of  lead  glass,  because  I  had  no  other, 
and  the  bulbs  or  reservoirs,  which  had  a  capacity  of  about  20  c.c,  were 
made  of  German  glass,  for  the  same  reason.  I  have,  therefore,  applied  to 
the  values  then  found  for  the  apparent  compressibility  of  mercury,  the 
value  of  the  absolute  compressibility  of  German  glass  found  in  January 
of  this  year,  and  the  result  is  that  the  absolute  cubic  compressibility  of 
mercury  at  temperatures  between  1"  and  3**  C.  is  3*99. 

With  regard  to  the  metals  quoted  in  the  tables,  the  figures  speak  for 
themselves.  The  number  of  different  metals  is  very  small  and,  imtil 
the  investigation  has  been  extended  so  as  to  include  at  least  the  greater 
niunber  of  the  metals  which  can  be  easily  procured  in  the  form  of  rod 
or  wire,  it  is  not  likely  that  any  very  general  features  or  laws  will  be 
apparent.  It  will,  however,  be  observed  that  in  the  case  of  the  five 
metals  used  as  wire,  their  compressibility  increases  as  their  density  and 
atomic  weight  diminish,  yet  there  is  no  reason  to  suppose  that  the 
compressibility  is  a  continuous  function  of  the  atomic  weight,  like  the 
specific  heat.  Mercury,  although  in  the  fused  state,  shows  this  clearly. 
But  besides  this,  it  happens  that  two  pairs  out  of  the  five  metals, 
namely,  platinum-gold  and  aluminium-magnesium,  are  contiguous  in 
the  atomic  weight  series,  yet  the  compressibility  of  magnesium  is, 
roughly,  double  that  of  aluminium,  and  the  compressibility  of  gold  is 
half  as  much  again  as  that  of  platinum.  If,  however,  we  compare  gold 
and  copper,  which  occupy  parallel  positions  in  Mendel^ieffs  scheme, 
we  see  that  they  are  very  much  alike,  and  the  same  holds  with  regard 
to  magnesium  and  mercury  which  occupy  a  homologous  position.  If 
these  facts  indicate  anything  more  general,  we  should  expect  the 
metals  of  the  palladium  and  the  iron  groups  to  have  a  low  compressi- 
bility like  platinum,  zinc  and  cadmium  to  have  a  very  high  compressibility 
like  magnesium,  and  thallium  an  intermediate  but  still  considerable 
compressibility  like  aluminium. 

It  will  be  observed  that  the  two  kinds  of  glass  mentioned  in 
Table  VII  are  more  compressible  the  greater  their  density.  This  may, 
however,  be  due  to  a  specific  feature  of  the  oxide  of  lead  which  enters 
largely  into  the  composition  of  the  flint  glass. 

It  is  obvious  that  there  is  here  a  great  field  for  interesting  research, 
and  fortunately  the  method  is  capable  of  great  refinement ;  only,  the 
successful  application  of  it  requires  considerable  manipulative  skill, 
•  *  Chem.  Soc.  Jour.'  (1878),  vol.  88,  p.  453. 
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as  woU  a«  gredit  patience.  The  necessity  to  have,  «a  part  of  the 
appamtiiSj  two  glass  tubes  wkich  are  exposed  to  the  high  pressure  on 
the  inside  only,  introduces  an  element  of  ehance  into  the  wiifk 
which  i^  sometimes  annoj'ing  and  ^ometima;  ercitiiig.  It  i&  ini' 
jiossihle  to  my  l>eforeUand  whether  a  particukr  glasis  terminal  will 
stand  or  not.  It  is  necessary  to  he  pro^nded  with  a  large  reserve  of 
them  l^efore  beginning  work,  and  when  one  fails  another  is  put  in  its 
place  without  loss  of  time.  Hitherto  I  have  taken  no  particular  care 
of  my  glass  term  i rials,  l^eeau^e  1  can  always  depend  on  findirtg  plenly 
of  theni  which  will  stand  from  200—300  atmospheres,  and  there  is 
almnfknce  of  work  to  l>e  done  at  these  pressures.  When,  however,  it 
is  desired  to  Ttse  higher  pressures,  it  will  be  prudent  to  take  some 
measures  for  preventing  the  points  of  the  wires  scratching  the  tntenuil 
surfaces  of  the  terminals.  When  some  precaution  of  this  kind  htM 
Immi  taken,  casualties  will  be  less  frequent,  and  the  attainment  of  highar 
pressures  will  be  merely  a  question  of  how  many  glass  ends  the  ofc 
is  prepared  to  sacrifice  in  the  service. 

In  the  wnrk  connected  with  this  paper,  which  extended  orer 
greater  part  of  4  weeks,  fifteen  glass  terminals  gave  way  ;  and  oddly 
enough,  the  failiu'es  were  as  nearly  as  possii)le  equally  distributed 
between  the  two  ends  ;  eight  of  them  fell  to  the  left  arm  and  seven  of 
them  to  the  light  arm.  The  bursting  of  a  terminal  causes  no  incon- 
venience beyond  the  trouble  of  replacing  it,  because  the  construction  of 
the  instrument  enables  air  to  be  completely  excluded  from  it,  and  the 
quantity  of  water  in  it  to  be  kept  within  such  limits  that  its  resilience 
is  of  no  account.  When  a  tube  bursts  it  usually  splits  longitudinally 
up  the  middle  into  two  slabs.  One  of  these  almost  always  remains 
entire,  the  other  is  sometimes  l)roken  into  fragments,  but  there  is  never 
any  projection  of  material  unless  the  instrument  has  been  carelessly 
put  together  and  air  admitted. 

Min-o.-^fKiinr  Effect.^. — In  a  research  like  the  present  where  the  primary 
object  is  the  numerical  determination  of  a  physical  constant,  the 
secondary  phenomena  w^hich  reveal  themselves  are  often  of  equal  anil 
sometime?  of  greater  interest,  because  they  generally  affect  pre- 
ferentially the  natural  history  side  of  physics.  To  this  class 
belong  the  phenomena  observed  in  connection  with  the  behaviotu" 
of  iie  under  the  relief  of  high  pressure  in  my  earlier  investi- 
gation.* In  the  present  case  the  frequent  bursting  of  the  glass 
terminals  afTorded  the  opportiuiity  of  observing  another  and  very 
interesting  phenomenon.  It  is  ilhistrated  in  fig.  2.  It  was  fii*st  noticed 
when  <opper  wiie  was  being  experimented  with.  The  pressure  had 
been  rai<e<]  to  .300  atmospheres,  and  had  begim  to  fall  when  the  tuW 
gave  way.  On  proceeding  to  replace  the  broken  tube  with  another  I 
was  astonished  to  find  the  copper  wire  twisted  into  a  regular  spiral 
*'  'KoT.  Soc.  Kdin.  Trans.,'  vol.  29,  p.  7)98 
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in  the  tube.    It  made  three  complete  turns  in  Fic^*  2. 

the  length  of  an  inch,  and  the  undulatory  form 
was  visible  throughout  one-half  of  the  length  of 
the  wire.  Instead  of  fixing  new  glass  terminals, 
I  cut  off  the  end  of  the  copper  wire,  which 
showed   this   curious   seismic  effect,   and  put      1    L  ) 

another  wire  in  its  place.  An  exactly  similar 
effect  was  produced  on  the  magnesium  wire, 
when  a  glass  terminal  burst;  only  the  effect 
was  even  more  marked.  The  spiral  produced  in 
the  glass  end  was  closer,  and,  indeed,  the  wire 
had  been  shoved  over  itself  and  broken,  for 
magnesium  wire  is  very  brittle.  The  undula- 
tions of  greater  amplitude  extended  through 
the  whole  length  of  the  wire,  and  there  were 
fnaxima  at  distances  of  about  35  cm.  and  85  cm. 
from  the  seat  of  the  explosion.  The  bursting  |i  ^|  ||| 
pressure  in  this  case  was  no  more  than  150 
atmospheres,  yet  the  effect  produced  was  very  r^ 
much  greater  than  it  was  in  the  case  of  copper.        i 

The  experiments  with  gold  and  aluminium       !], 
were  carried  out  without  the  loss  of  a  terminal. 

In  the  case  of  platinum,  a  terminal  burst  at 
about  250  atmospheres,  but  it  produced  no 
apparent  seismic  effect.  On  the  last  day  of  my 
experiments  I  proposed  to  determine  the  com- 
pressibility of  a  wire  of  mild  steel,  but,  owing 
to  hurry  in  putting  the  apparatus  together,  it 
was  impossible  to  get  any  satisfactory  observa- 
tions, but  one  of  the  terminals  burst,  and  at  a 
pressure  over  250  atmospheres.  Here  again 
there  was  no  seismic  effect.  The  platinum  wire 
had  been  thoroughly  annealed  before  being 
used,  and  the  mild  steel  wire  was  as  soft  and 
ductile  as  copper,  yet,  though  copper  showed 
the  seismic  effect  beautifully,  it  was  imper- 
ceptible in  both  platinum  and  steel.  Before  the 
experiment  with  the  steel,  I  supposed  that  the 
high  density  of  platinum  caused  the  shock  to  be 
opposed  by  more  inertia  than  it  could  overcome, 
but  the  density  of  steel  is  less  than  that  of 
copper,  therefore  its  immunity  to  shock  must 
be  due  to  something  other  than  its  density.  . 

The  open  ends  of  the  glass  terminals  which  are  inside  of  the  water- 
tight collars  are  cut  sharply  off  and  the  edges  are  not  rounded  in  the 
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flame.  Special  directions  were  given  to  the  glaas  blower  about  this, 
becatiae  the  effect  of  it  would  be  tbe  production  of  condderablc  tendoti 
ill  that  part  of  the  glass.  NotwithstJinding  mv  directions,  some  of 
the  tubes  were  rounded  off  in  the  lamp  and  the  effect  waa  aa  I  bad 
foreseen.  The  only  one  of  these  ends  which  I  iisefi  hurtt.  In  the 
case  of  ends  which  have  been  ctit  off  and  not  heated,  the  fracture  is 
confined  to  the  part  of  the  tube  outside  the  apparattus.  In  the  cnae  cl 
the  end  with  rounded  edges  the  outride  part  was  fractured  in  the 
ordinary  way,  and  in  addition  the  rounded  portion,  which  was 
exposed  to  no  difference  of  pressure,  exploded  out  d  sympathy,  muth 
after  the  fashion  of  a  Prince  Rupert's  drop* 

I  am  continuing  this  investigation,  and  I  hope  shortly  to  be  in  a 
poeition  to  be  able  to  communicate  further  results  to  the  Society. 


Croonian  Lbcturk. — *'  The  Chpmical  Regulation  of  the  Secretory 
Process."  By  W.  M.  Bayliss,  F.RS.,  and  E.  H.  Starling, 
F.RS.     Received  March  21,— Read  Marcli  24,  1904. 

In  the  complex  reactions  which  make  up  the  life  of  an  indiWduaL 
and  the  evolution  of  which  has  l)ecn  the  determining  factor  in  the 
individuars  existence,  we  may  distinguish  two  main  tyj^es ;  though, 
as  in  all  attempts  at  classification  of  biological  processes,  the  line  of 
division  between  the  two  types  must  be  more  or  less  indistinct. 

In  the  first  place  we  have  those  reactions  which  depend  for  their 
production  on  some  special  stnictural  arrangement,  and  are  therefore 
determinant  factors  in  the  evolution  of  form.  In  some  cases  the 
adaptive  production  of  organs  or  protective  mechanisms  may  l>e 
associated  with  a  direct  chemical  reaction,  as  in  the  formation  of 
protective  tissues.  In  most  cases,  in  higher  animals  at  any  rate, 
such  an  adaptation  will  be  intimately  associated  with  the  development 
of  the  central  nervous  system,  of  which  the  peripheral  parts  of  the 
body  must  be  regarded  as  the  executive  mechanisms.  In  general 
however,  we  may  say  that  this  type  of  adaptation  is  dependent  on  the 
adaptive  growth  of  cells. 

The  second  type,  the  more  primitive  of  the  two,  involves,  in  the 
first  place,  not  so  much  a  change  in  the  growth  or  arrangement  of 
cells,  as  a  change  in  the  metabolism  of  pre-formed  cells  or  struc- 
tures. It  may,  perhaps,  be  looked  upon  as  a  preliminary  to  the  first 
type,  namely,  structural  change.  It  is,  however,  of  special  interest, 
since  its  mechanism  is  subject  to  analysis  by  physiological  methods. 
Instances  of  chemical  adaptation  may  again  be  divided  into  two 
groups.     In  the  first  place  we  have  the  chemical  adaptation  to  the 
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environment,  which  is  found  in  all  living  organisms  from  the  lowest 
to  the  highest.  This  adaptation  may  be  conditioned  by  changes  in  the 
food,  or  may  arise  as  a  reaction  to  the  presence  of  harmful  substances 
in  the  siu'rounding  medium.  As  an  example  may  be  mentioned  the 
mould  FerUcillium  glattcum^  which,  as  shown  by  Duclaux,'*  when 
grown  on  calcium  lactate  forms  invertase  only;  on  starch,  however, 
it  produces  amylase  in  addition,  while  on  milk  it  produces  a  proteolytic 
ferment  and  rennet.  In  the  higher  animals  we  have  all  the  complex 
processes  by  which  an  animal  reacts  to  the  introduction  of  living  or 
dead  poisons,  and  which  result  in  the  production  of  an  acquired 
immunity.  As  part  of  the  same  process,  if  we  accept  Ehrlich's  views, 
we  must  include  the  process  of  assimilation  of  food,  and  the  adaptation 
of  an  animal  to  profound  changes  in  its  diet. 

But  in  all  the  higher  animals  the  reaction  of  any  part  of  the  body 
to  external  changes  involves  alterations  in  its  relations  to  other  parts, 
and  there  is  evolved  a  complex  system  of  internal  correlation  of 
the  activities  of  organs,  effected  partly  by  the  action  of  the  central 
nervous  system,  and  therefore  determinant  of  changes  in  form,  partly 
through  means  of  the  internal  medium — the  blood  or  similar  fluid. 
This  latter  mechanism  of  internal  correlation  has  only  recently  entered 
the  domain  of  exact  investigation.  Thus  the  profound  influence 
exercised  by  the  thyroid  gland  on  the  nutrition  of  the  whole  body, 
specially  of  the  central  nervous  system,  and  the  production  of  a 
substance  by  the  suprarenal  bodies  which  maintains  the  tone  of  all 
contractile  tissues  in  the  body,  have  been  disclosed  to  us  during  the 
last  15  years.  When  chemical  adaptation  occurs  in  response  to 
changes  either  in  the  environment  or  in  definite  organs  of  the  body, 
the  adaptive  reaction  may  affect  all  cells  of  the  body,  or  may  be  specific 
in  the  case  of  certain  cells.  Only  in  the  latter  case  will  the  results  be 
apparent  to  the  morphologist  as  determinant  of  form. 

The  researches  which  we  wish  to  bring  briefly  before  the  Royal 
Society  have  reference  entirely  to  the  last  two  groups  we  have 
mentioned,  and  deal  with  the  mechanism  of  adaptation  to  changes 
in  the  food  and  the  chemical  correlation  of  the  activities  of  different 
organs  engaged  in  the  digestion  and  assimilation  of  the  food. 

As  we  proceed  down  the  alimentary  tract,  we  find  that  each  cavity 
has  its  own  set  of  reactive  mechanisms  arranged  so  as  to  pour  on 
the  ingested  food  a  juice  which  shall  dissolve  one  or  more  of  the 
constituents  of  the  food.  In  the  mouth,  as  has  been  shown  by 
the  researches,  of  Ludwig,  Heidenhain,  Langley,  and  Pawlow,  the 
mechanism  for  the  secretion  of  saliva  is  entirely  nervous.  The  mucous 
membrane  is  endowed  with  distinct  sensibilities  for  different  classes  of 
food,  and  the  activity  of  the  salivary  glands  is  excited  reflexly 
according  to  the  nature  of  the  substance  present  in  the  mouth.     In 

•  '  Microbiologic/  toI.  2,  p.  86. 
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the  Btomacb,  the  researches  of  Heidenbain,  and  especially  of  Pawlow,* 
have  shown  that  the  secrotion  of  the  gEatric  jiiice  la^  in  the  first  placef 
controlled  by  the  jien'oiis  system*  and  m  excited  by  appetite,  or  hy 
reflex  impulses  arising  in  the  mouth.  Only  later  on,  in  gastric  digestioii, 
does  a  secretion  come  on,  determined,  in  some  way  or  other,  by  the 
preeence  and  nature  of  the  food  In  the  stomach.  This  secondary  secre- 
tion is  independent  of  the  central  nervous  system;  but  whether  it  m  to 
be  looked  upon  as  a  local  reflex,  or  as  a  ohemical  excitation,  directly  or 
indirectly  from  the  gastric  contents,  has  not  yet  been  dotennined. 
As  the  strongly  acid  fluid  containing  the  products  of  gastric  digestion 
leaves  the  stomach  to  enter  the  duodenum,  it  comes  in  contact  with 
two  other  secrotionsj  the  bile  and  the  pancreatic  juice,  which  are 
secreted  in  such  an  amount  that  the  duodenal  contents  become  prae- 
tically  neutral.  According  to  Pawlow,  the  Bccrotion  of  the  pancreatic 
juice  is  exactly  comparable  to  the  secretion  of  saliva,  and  is  effected 
by  a  nervous  reflex.  The  stjirting  point  of  this  reflex  is  the  stimu- 
lation of  the  duodenal  mucous  membrane  by  the  ehyme^  or  by 
substances  such  as  oil,  ether,  or  oil  of  mustard.  Not  only  is  the 
pancreatic  juice  turned  out  into  the  intestine  just  at  the  time  when 
it  ta  required,  but,  according  to  Pawlow,  the  composition  of  the  juice 
varies  according  to  the  food»  the  proteolytic  ferment  being  increased 
by  a  diet  of  meat,  while  the  amylolytic  ferment  is  increased  by  a 
starchy  diet.  This  adaptation  of  the  glandular  activity  was  ascribed 
by  him  to  a  species  of  **  taste "  in  the  mucous  membrane.  It  waa 
imaginetl  that  the  different  constituents  of  the  food  excited  difterent 
nerve  endings,  which,  in  their  tarn,  caused  reflex  activity  of  different 
mechanisms  in  the  pancreas  itself.  The  fleld  of  these  assumed  reflaxce 
was  considerably  narrowed  by  the  researches  of  Popielskit  and 
Wertheimer,t  who  showed  that  the  introduction  of  acid  into  the 
duodenum  was  productive  of  secretion  even  after  destruction  of  all 
nerve  connections  of  the  jmncreas  and  alimentary  canal  with  the 
central  nervous  system,  and  even  after  extirpation  of  the  sympathetic 
ganglia  of  the  solar  plexus.  It  was  with  a  view  to  determine  the 
mechanisms  of  this  reflex  secretion  of  the  pancreas,  as  well  as  of  the 
adaptation  of  the  pancreatic  secretion  to  variations  in  the  food  of 
the  animal,  that  we  began  our  researches. 

The  last-named  authors  had  also  shown  that  the  secretion  occur  red* 
but  in  smaller  quantities,  if  the  acid  was  inserted  in  any  part  of  the 
small  intestine,  with  the  exception  of  the  lower  end  of  the  ileum.  It 
was  thus  easy  to  examine  the  effects  of  the  introductioti  of  acid  into  a 
loop  of  ileum  in  which  all  nerve  connections  with  the  pancreas,  or 
with  the  rest  of  the  body,  had  been  destroyed.     This  crucial  experi- 

•  *Le  Travail  des  Glandes  Digestives,'  Paris,  1901. 
■lllk  t  '  Gazette  CUaique  de  BolVm,'  \^^. 

t  '  Journal  de  Phy8io\og\e;  no\.^,^.^^^A^^^. 
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ment  had,  curiously,  not  been  performed  by  previous  workers  in  the 
subject.  On  carrying  it  out,  we  found  that  destruction  of  all  nerve 
connections  made  no  difference  to  the  result  of  introducing  the  acid. 
The  pancreatic  secretion  occurred  as  in  a  normal  animal.  It  was 
therefore  evident  that  we  had  to  do  here  with  a  chemical  rather  than 
a  nervous  mechanism.  Previous  work  had  narrowed  the  question 
down  to  such  a  degree  that  the  further  steps  were  obvious.  We 
knew  already  that  the  introduction  of  acid  into  the  blood-stream  had 
no  influence  on  the  pancreas;  hence  the  acid  introduced  into  the 
intestine  must  be  changed  in  its  passage  to  the  blood-vessels  through 
the  epithelial  cells,  or  must  produce  in  these  cells  some  substance 
which,  on  access  to  the  blood  stream,  evoked  in  the  pancreas  a 
secretion.  This  was  found  to  be  the  case.  On  rubbing  up  the 
mucous  membrane  with  acid,  and  injecting  the  mixture  into  the 
blood-stream,  a  copious  secretion  of  pancreatic  juice  was  produced. 
It  was  then  found  that  the  active  substance,  which  we  call  secretin^ 
was  produced  by  the  action  of  acid  from  a  precursor  in  the  mucous 
membrane,  probably  in  the  epithelial  cells  themselves.  Once  formed 
by  the  action  of  acid,  it  could  be  boiled,  neutralised,  or  made  alkaline, 
without  undergoing  destruction.  The  precursor  of  the  substance 
{ prosecretin)  cannot  be  extracted  by  any  means  that  we  have  tried 
from  the  mucous  membrane.  Even  after  coagulation  of  the  mucous 
membrane  by  heat  or  alcohol,  however,  secretin  can  still  be  extracted 
from  the  coagulated  mass  by  the  action  of  warm  dilute  acid. 

The  question  then  arose  whether  this  chemical  mechanism  repre- 
sented the  normal  mode  in  which  secretion  of  the  pancreatic  juice  was 
excited  by  the  presence  of  food  in  the  gut.  It  had  already  been 
shown  by  Wertheimer  that  the  secretion  evoked  by  the  presence  of 
acid  diminished  as  the  acid  was  placed  further  down  in  the  small 
intestine,  and  was  absent  when  the  acid  was  placed  in  the  lowermost 
section  of  the  ileum  or  in  the  large  intestine.  We  found  a  correspond- 
ing distribution  of  pro-secretin.  The  most  active  extracts  of  secretin 
were  to  be  obtained  from  the  duodenum.  The  extracts  from  the 
jejunum  were  less  powerful,  while  those  from  the  loVer  6  inches  of 
ileum  or  from  the  large  intestine  were  practically  inert.  The  proof 
that  secretin  is  really  carried  by  the  blood  to  the  gland  has  been 
furnished  by  Wertheimer,*  who  has  shown  that  the  blood  coming 
from  a  loop  of  intestine  into  which  acid  has  been  introduced,  when 
injected  into  another  dog,  evokes  in  the  latter  a  secretion  of  pancreatic 
juice.  All  authors  who  have  investigated  the  matter  since  our  first 
publication  on  the  subject  have  confirmed  our  results ;  but  many  of 
them  are  still  loth  to  give  up  the  idea  of  a  nervous  connection 
between  the  gut  and  the  pancreas.  Pawlow  had  obtained  evidence  of 
the  existence  of  secretory  nerves  to  the  pancreas  in  the  vagus  as  well 
•  *  0.  B.  Soc.  de  Biologie/  1902,  p.  476. 
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as  in  tha  EpUiichnice.     In  all  hii  experiments,  however,  it  was  diffieuEt 

to  exclude  the  possibility  of  the  secretion  kiving  been  excited  by  the 
contraction  of  the  stomach  or  relaxation  of  the  pyloniSt  ciiusiag  the 
passage  of  some  acid  contents  of  the  stomach  into  the  duodenum,  since 
both  these  results  m^y  oeciu*  on  stimulation  of  the  vagus.  We  ha\  e  btwn 
unable  to  obtain  secretion  from  stimulation  of  any  nerves  in  any  c^ia 
where  this  po^siibility  was  excluded,  and  we  are  inclined  to  believe  th«t 
the  chemical  mechanism  we  have  described  is  the  <ml^  method  bj 
which  the  pancreas  is  awaken  to  secrete.  The  inhibition  of  sccretlim 
obtained  by  some  authors  in  an  unansBsthetised  animal  on  stimulatioo 
of  the  vagus  is,  we  l^elieve,  a  secondary  phenomenon  due  to  interference 
with  the  blood  supply  or  more  probably  with  the  flow  of  aeid  chyme 
from  the  stomach,  or  perhaps  to  the  rapid  emptying  of  the  uppt?r  pan 
of  the  gut  of  its  aeid  contents. 

Secretin  can  be  split  off  from  its  precursor  in  the  mucous  mem- 
brane by  the  action  of  acids  or  boiling  water.  Many  acids  are  abb 
to  effect  this  convBrsion,  their  power  being  roughly  proportional 
to  their  ionic  concentration.  We  have,  therefore,  concluded  that  the 
process  is  one  of  hydrolysis.  According  to  Fleig,*  a  secretin  can  also 
be  prepared  from  mucous  membrane  by  the  action  of  soa{>s,  and 
secretin  has  been  detected  in  the  blood  flowing  from  the  loop  of 
intestine  into  which  oil  of  mustard  had  been  introduced.  Fleig 
regards  the  secretin  produced  by  the  action  of  soaps  as  different  from 
that  produced  by  the  action  of  acids  ;  but  it  is  diflficult  to  see  on  what 
grounds  he  makes  this  distinction,  since  the  action  of  the  secretin 
prepared  in  the  two  ways  is  identical.  The  production  of  secretin  by 
the  action  of  oil  of  mustard  as  well  as  the  well-known  secretion  of 
pancreatic  juice  evoked  by  the  introduction  of  ether  into  the  duodenum, 
suggests  that  the  hydrolytic  dissociation  which  gives  rise  to  secretin 
may  occur  in  the  living  cells  as  a  result  of  stimulation  or  severe 
lesion,  since  neither  of  these  two  substances  will  produce  secretin  from 
an  excised  and  dead  mucous  membrane. 

We  have  not  yet  succeeded  in  determining  the  chemical  nature  of 
secretin,  thougll  we  have  obtained  chemical  evidence  which  will  serve 
to  exclude  certain  classes  of  substances.  Thus  the  fact  that  it  will 
stand  boiling  shows  that  it  is  neither  a  coagidable  proteid  nor  a 
ferment.  It  is  soluble  in  90  per  cent,  alcohol  in  the  presence  of  ether, 
but  it  is  insoluble  in  absolute  alcohol  and  ether.  It  is  slightly  diffusible 
through  animal  membranes.  It  can  be  filtered  through  a  gelatinised 
Chamberland  filter.  It  is  not  precipitated  by  tannic  acid,  thus 
excluding  bodies  of  alkaloid  nature  as  well  as  di-amido  compounds. 
This  evidence,  slight  though  it  is,  points  to  secretin  being  a  body  of 
relatively  small  molecular  weight  and  not  a  colloid.  It  may  be 
compared  to  the  active  principle  of  the  suprarenal  glands,  adrenalin, 
*  '  C.  R.  Soc.  de  Biologie,'  1903. 
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which  has  been  obtained  in  a  crystalline  form  and  the  chemical 
constitution  of  which  has  been  approximately  determined.  This  is, 
indeed,  what  one  would  expect  of  a  substance  which  has  to  be  turned 
out  into  the  blood  at  repeated  intervals  in  order  to  produce  in  some 
distant  organ  or  organs  a  physiological  response  proportional  to  the 
dose.  The  bodies  of  higher  molecular  weight,  such  as  the  toxins, 
which  owe  their  activity,  according  to  Ehrlich,  to  the  fact  that  they 
can  be  directly  assimilated  by  the  cells  of  the  body,  and  built  up 
into  the  protoplasmic  molecule,  always  give  rise  to  the  production  of 
anti-bodies,  a  process  which,  while  not  preventing  necessarily  their 
utilisation  in  the  body,  would  prevent  their  acting  as  a  physiological 
stimulus  to  certain  definite  cells.  Adrenalin  and  secretin  on  the 
other  hand  belong  to  the  class  of  drugs  which  act  by  their  physico- 
chemical  properties,  and  whose  physiological  effect  is  determined  by 
the  total  configuration  of  their  molecule.  It  was  suggested  to  us 
early  in  our  experiments  that  the  secretion  of  pancreatic  juice,  evoked 
by  seeretin,  was  essentially  a  sudden  production  of  an  anti-body; 
such  a  sudden  production  is  unknown  in  the  animal  body,  and  the 
anti-character  of  the  secretion  is  at  once  negatived  by  the  fact  that 
secretin  can  be  mixed  with  a  freshly  secreted  juice  without  in  any  way 
destrojring  its  efficiency. 

Like  adrenalin,  secretin  is  extremely  easily  oxidised,  and  it  is 
probable  that  it  is  got  rid  of  in  this  way  from  the  body,  since,  even 
after  repeated  injections  of  secretin,  it  is  impossible  to  find  this 
substance  or  any  precursor  of  it  either  in  the  pancreas,  the  urine,  or 
other  tissues  of  the  body.  Just  as  in  the  case  of  adrenalin,  so  we 
find  that  secretin  is  not  specific  for  the  individual  or  species.  An 
extract  of  the  mucous  membrane  of  the  dog  will  evoke  secretion  in  the 
pancreas  of  the  frog,  the  bird,  rabbit,  cat,  or  monkey.  In  the  same 
way  the  pancreatic  secretion  of  the  dog  can  be  excited  by  injection 
of  secretin  prepared  from  the  intestine  of  man,  cat,  monkey,  rabbit, 
fowl,  salmon,  skate,  frog,  or  tortoise.  The  evolution  of  this  mechanism 
is,  therefore,  to  be  sought  at  some  time  anterior  to  the  development  of 
vertebrates. 

The  action  of  secretin  is  not  confined  to  the  pancreas.  It  has  long 
been  known  that  the  pancreatic  juice,  in  order  to  exert  its  full 
activity  on  the  food  stuffs,  needs  the  simultaneous  presence  of  bile, 
and  the  fact  that  in  many  cases  the  two  fluids  are  poured  into  the 
duodenum  by  a  common  orifice  shows  the  close  connection  which 
must  exist  between  them.  Digestion  of  fats  is  impossible  unless  both 
fluids  have  access  to  the  gut,  and  even  in  the  digestion  of  carbo- 
hydrates, as  was  shown  by  S.  Martin  and  Dawson  Williams  many  years 
ago,  the  presence  of  bile  greatly  hastens  the  digestive  powers  of  the 
pancreatic  juice.  Whenever,  therefore,  a  secretion  of  pancreatic  juice 
is  required,  a  simultaneous  secretion  of  bile  is  also  necessary.     It  is 
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interesting  to  note  thtkt  this  fiimulta neons  secretion  is  provided  for 
by  the  same  meeh&tiisni  by  which  the  secretion  of  pancreatic  Juioe 
is  eroked.  If  the  flow  of  hite  be  determined  by  measuring  the 
outflow  from  ^  cannula  placed  in  the  bile  dact,  it  will  be  found  that 
introduction  of  acid  into  the  duodenum  cauees  a  quickened  secre- 
tion of  this  fluid.  The  same  increase  in  the  secretion  of  bile  can  be 
produced  by  injecting  solutions  of  secretin  into  the  blood  &ti^B&BL 
This  influence  of  secretin  on  the  liver  has  been  fully  eon^nned  hj 
Falloiae.  This  obsenrer  has  shown  that  acid  extracts  of  the  intestinal 
mucoUB  membrane  caitse  an  increase  in  the  bile  secretion  most  marked 
when  the  extract  is  made  from  the  duodenum  and  diminiahing  as  the 
ejt±r»ct  is  taken  from  the  lower  parts  of  the  gut,  that  from  the  toir«r 
section  of  the  ileum  being  quite  ineflectire. 

In  some  cases  the  injection  of  secretin  is  foUowed  by  a  secretion  of 
glairy  saliva,  but  this  is  at  once  abolished  on  section  of  the  ncrrei 
going  to  the  salivary  glands,  and  is  simply  a  result  of  the  lowering  of 
blood  pressure  which  occurs  when  any  extract  of  the  intestinal  muoooa 
membrane  is  injected  into  the  blood  stream.  On  no  other  glands  of 
the  body  ha^s  secretin  the  slightest  influence.  We  must^  therefore^ 
regard  secretin  as  a  drug-like  body  having  a  specific  excitatory  effect 
on  the  secreting  cells  of  the  liver  and  pancreas. 

The  discovery  of  secretin  has  placed  in  the  hands  of  physiologists 
the  power  of  controlling  the  activity  of  a  gland  by  purely  physio 
logical  means,  and  we  have  taken  opportunity  of  the  control  thus 
acquired  to  investigate  the  exact  character  of  the  changes  induced  in 
the  pancreas  under  this  physiological  stimulus.  So  far  as  we  can  tell 
secretin  has  no  specific  influence  on  any  one  constituent  of  the 
pancreatic  juice.  When  injected  it  causes  secretion  of  a  juice  which 
is  normal  in  that  it  resembles  the  juice  secreted  on  entry  of  food  into 
the  duodenum,  and  contains  a  precursor  of  trypsin,  araylopsin,  and 
steapsin.  Secretin,  in  fact,  appears  to  cause  the  pancreatic  cells  to 
turn  out  the  w  hole  of  the  mesostates  which  they  have  accumulated 
during  rest  in  preparation  for  the  act  of  secretion.  If  secretin  be 
injected  at  repeated  intervals  until  the  gland  \vill  no  longer  respond  to 
the  injection,  it  is  found  on  microscopic  examination  that  the  cells 
have  discharged  the  whole  of  their  granules.  In  sections  stained  with 
toluidine  blue  and  eosin  the  whole  of  the  cells  stain  blue  in  marked 
contrast  to  the  normal  resting  gland,  where  one-half  or  two-thirds  of 
the  inner  margin  of  the  cells  is  taken  up  with  brilliantly  stained  red 
granules.  This  effect  is  not  produced  in  all  cases.  In  some  animals 
we  have  injected  secretin  at  frequent  intervals  over  a  period  of 
8  hours,  and  obtained  at  the  end  of  the  experiment  a  secretion  as 
Wgorous  as  after  the  first  injection.  The  pancreas  in  this  case  was 
evidently  not  fatigued,  and  on  killing  the  animal  and  examining  this 
organ  microscopically,  it  was  found  to  give  the  typical  picture  of  a 
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resting  pancreas.  One  may  say,  therefore,  that  under  healthy  con- 
ditions the  activity  of  the  pancreas  is  two-fold  in  character,  and  that 
the  normal  stimulus  of  secretin  excites  not  only  a  breaking  down  of 
the  protoplasm  and  a  discharge  of  granules,  but  also  a  building  up  of 
the  protoplasm  and  a  new  formation  of  granules.  So  marked,  in  fact, 
is  this  power  of  self-restitution  that  it  is  often  advisable  to  diminish 
the  resistance  of  the  animal  by  bleeding  or  other  means  if  it  is  desired 
to  obtain  a  specimen  of  exhausted  gland. 

A  study  by  Mr.  Dale  of  the  stages  of  exhaustion  carried  out  in  this 
way  has  brought  to  light  a  remarkable  behavioiu*  in  the  cells  of  the 
pancreas,  to  which  we  have  no  analogies  in  other  secreting  glands  of 
the  body.  After  the  discharge  of  the  granules  the  cells  seem  to 
undergo  a  still  further  involution,  losing  the  whole  of  their  chromo- 
phile  substance,  diminishing  in  size  or  undergoing  vacuolation,  and 
finally  being  transformed  into  cells  undistinguishable  from  those  which 
have  long  been  known  as  forming  the  so-called  *'  islets  of  Langerhans." 
Mr.  Dale  has,  in  fact,  shown  that  in  all  probability  these  "  islets," 
which  are  generally  regarded  as  pre-formed  structures,  really  repre- 
sent stages  in  the  functional  activity  of  the  secreting  cells  of  the 
gland,  and  he  is  of  opinion  that  the  activity  of  the  gland  is  always 
associated  with  a  cycle  of  changes  in  which  the  islets  are  formed,  to  be 
afterwards  regenerated  into  secreting  tissue.  Other  observers  have 
noted  in  the  embryo  a  development  of  secreting  tubules  from  tissue 
undistinguishable  from  the  "  islets  of  Langerhans,"  and  it  is  interesting 
to  note  that  the  depletion  of  the  gland  caused  by  long  starvation  has 
a  similar  effect  to  that  caused  by  over-excitation,  namely,  the 
conversion  of  a  large  proportion  of  the  gland  tissue  into  *' islet" 
tissue. 

Although  secretin  acts  in  this  apparently  coarse  manner  in  turning 
out  all  the  pre-formed  secretory  products  present  at  the  time  in  the 
pancreatic  cells,  the  conditions  of  its  formation  determine  a  close 
adaptation  of  the  pancreatic  activity  to  the  needs  of  the  animal. 
Formation  of  secretin  depends  on  the  presence  of  acid  chyme  in  the 
duodenum.  This  acid  chyme  is  squirted  in  small  quantities  into  the 
stomach  at  varying  intervals  after  the  taking  of  food.  As  soon  as  it 
enters  the  gut,  secretin  is  formed  in  the  mucous  membrane,  absorbed  by 
the  blood-vessels  and  carried  to  the  pancreas,  and  it  will  continue  to 
be  formed  luitil  the  secreted  pancreatic  juice  exactly  neutralises  the 
acid  of  the  intestinal  contents.  The  presence  of  an  excessive  amount 
of  acid  in  the  duodenum  is  prevented  by  the  reflex  pyloric  mechanism 
revealed  by  the  researches  of  Von  Mering  and  of  Serdjunow.*  These 
observers  have  shown  that  so  long  as  the  contents  of  the  duodenum 
are  acid  the  pylorus  remains  firmly  closed.  As  soon,  however,  as  they 
become  neutral  or  alkaline  the  pylorus  opens  and  allows  a  further 
•  Pawlow,  *  Das  Experiment,*  1900,  p.  17. 
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quantity  of  add  gaatric  coutetita  to  enter  the  daodanom.  By  lUi 
double  mechanism,  which  is  partly  nervous,  partly  chemical,  it  id  pfih 
Tide<l  that  the  acid  contents  of  the  stomach  shall  paas  on  into  the  gii 
only  in  such  quantities  aa  can  be  dealt  with  by  the  aacretoiy  meehatiiflM 

of  the  intestine. 

One  more  chain  in  the  link  of  adaptire  reactions  may  be  briefly 
mentioned.  The  pancreatic  juice,  as  secreted^  contains  only  a  w«ik 
proteolytic  ferment  But  it  contains  aUo  trypeinogen.  As  soon  •§ 
this  juice  enters  the  gut  it  causes  a  profuse  secretion  of  intestinal  juice. 
This  latter  contains  another  ferment,  enterokinase,  which  acts  on  the 
trypainogen,  converting  it  itito  a  body  trypsin,  one  of  the  moat  acCiTe 
proteolytic  ferments  with  which  wo  are  acquainted. 

So  far  we  have  dealt  only  with  the  correlation  of  the  activitieft  of 
the  cells  lining  the  hitestinal  tube  with  those  forming  the  masses  of  tk§ 
pancreas  and  liver,  and  have  seen  that  a  very  large  part  in  this  eorreb^ 
tion  is  played  by  a  chemical  substance  which  acts,  so  to  speak,  as  a 
chemical  messenger  between  these  various  organs.  A  striking  feature^ 
however,  of  the  pancreas  is  its  alleged  power  of  adapting  its  secretion 
to  the  nature  of  the  food  taken  in  by  the  animak  It  has  l>een  stated 
by  Pawlow  that  according  aa  tiio  food  consibts  chiefly  of  proteids, 
carbohydrates,  or  fats,  so  do  we  find  a  relative  preponderance  of  the 
ferments  acting  respectively  on  each  of  these  three  classes  of  foods. 
The  evidence  on  which  this  statement  is  based,  although  lending  to  it 
considerable  support,  is  not  absolutely  convincing.  Vasilieff*  examined 
the  pancreatic  juice  of  dogs  which  were  fed  on  meat,  or  bread  and  milk 
alternately  for  periods  extending  over  several  weeks  for  each  kind  of 
diet.  This  observer  found  that  the  transition  from  bread  and  milk 
diet  to  a  meat  diet  caused  a  rapid  rise  in  the  proteolytic  power  of 
the  juice,  which  reached  its  maximum  after  several  days  of  meat 
feeding.  A  return  to  a  diet  of  bread  and  milk  caused  a  slower  fall 
in  the  proteolytic  power  of  the  juice,  but  a  rise  in  the  amylolytic 
power.  Similar  results  were  obtained  by  another  pupil  of  Pawlow — 
Jablonskyt — who  also  extended  his  observations  to  the  fat-splitting 
ferment.  At  the  time  that  these  observations  were  made  the  function 
of  enterokinase  was  unknown,  and  it  is  therefore  impossible  to  say 
what  proportion  of  the  trypsinogen  of  the  juice  secreted  in  these 
experiments  had  been  converted  into  trypsin  by  the  small  amount  of 
intestinal  mucous  membrane  at  the  mouth  of  the  duct.  While,  there- 
fore, we  are  unable  to  ascribe  much  importance  to  the  results  as  regards 
the  proteolytic  power  of  the  juice,  there  seems  no  reason  to  doubt 
the  results  obtained  by  these  workers  as  regards  the  starch-digesting 
power  of  the  juice.     In  1899  WaltherJ  made  a  series  of  observations 

*  '  Archives  des  Sciences  Biologiques,'  St.  Petersburg,  1893. 

t  Ibid.,  1896. 

X  Ibid.,  1899,  vol.  7,  p.  1. 
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on  a  dog  with  pancreatic  fistula  in  order  to  determine  whether  the 
amounts  of  ferments  secreted  were  determined  by  the  nature  of  the 
food  at  any  given  meal.  He  was  satisfied  that  his  results  showed 
that,  even  without  prolonged  adherence  to  one  diet,  the  composition 
of  pancreatic  juice  was  adapted  to  the  nature  of  the  meal  taken.  His 
results  do  not  entirely  bear  out  his  contentions,  as  is  seen  by  the 
following  table,  in  which  it  will  be  noticed  that  although  milk  contains 
no  starch  it  evokes  the  secretion  of  a  large  amount  of  amylopsin,  and 
that  meat  causes  a  secretion  of  more  steapsin  than  does  milk,  although 
this  latter  contains  much  more  fat  than  the  meat  diet. 

Table  I. — Eesults  of  Walther's  Experiments. 


Diet. 

Total  amoimt  of  enzyme  leoreted. 

Proteolytic. 

Amjlolytio. 

Fat-splitting. 

600  0.0.  milk 

ill 

2310 
6848 
2498 

4125 
1218 
4410 

250  gnunmoB  bread 

100  grammes  meat 

Of  course  Walther,  as  well  as  the  other  observers  mentioned, 
regard  the  adaptation  as  determined  by  the  stimulation  of  special 
nerve  endings  in  the  mucous  membrane  by  each  constituent  of  the 
food,  a  conclusion  hardly  borne  out  by  the  results  just  quoted. 
Another  disturbing  factor  in  these  experiments  is  the  large  variation  in 
total  quantity  of  juice  secreted  with  different  food  stuffs. 


Table  II. — Amount  of  Pancreatic  Juice  Secreted  for  different  Food- 
stuffs (Walther). 


i 

Food. 

i 

1                                 Hours  of  secretion. 

Totftl 
auioufit. 

]. 

2. 

8. 

4. 

6. 

e. 

t. 

8. 

9. 

600  0,0.  milk 
250  gramme* 

bread 
100  grammee 

meat 

8  2 
36  6 

46*0 

6^0 
47  0 

62  0 

23-0 
aO'ft 

35-0 

6*2 
16  6 

9-7S 

176 

10^0 

li'-o 

G-g 

3-0 

" 

45  ac. 

161    „ 

The  quantity  of  juice  secreted  will  depend  on  the  amount  .of 
secretin  turned  into  the  circulation,  and  this,  in  its  turn,  on  the 
amount  of    acid  entering  the  duodenum  from  the  stomach.     The 
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amount  of  juice  will,  therefore,  he  meftsiired  by  the  atay  and  reaistanee 
to  digestion  of  the  stibBtanco  in  the  Btomach  rather  than  to  any 
dir<^t  nervouis  or  other  influence  of  the  duodenal  couteote  on  thi' 
pancreas,  A  repetition  of  Walther'a  experiments  by  Popielaii,* 
working  independently,  has  in  fact  led  the  latter  to  deny  altogether 
the  adaptation  of  the  pancreatic  juice  to  the  nature  of  the  food. 
Popiekki  concludes  from  hia  experiments  that  variations  in  the  juice 
depend  only  on  the  intenaity  and  duration  of  the  stimulus,  the 
intensity  of  the  stimulus  determining  the  amount  of  enzymes,  whilst 
its  duration  determines  the  total  quantity  of  juice* 

In  the  meantime  the  question  had  been  attacked  from  another  side. 
It  had  been  shown  by  Fischer  and  Niebelt  as  well  as  by  PortierJ  that 
watery  extracts  of  the  pancreas  of  the  cow,  horse,  anil  dog  had  no 
influence  on  lactose.  Weinland  in  1899  confirmed  these  resiilte  so  far 
as  concerns  the  pancreas  of  dogs  on  an  ordinary  diet  free  from  milk. 
On  the  other  hand,  he  found  that  extracts  of  the  pancreas  of  dogs, 
which  had  been  fed  for  several  days  on  milk,  sometimes  with  the 
addition  of  lactose,  invariably  contained  lactase  in  considerable 
amount,  and  these  resulta  have  been  confirmed  lately  by  Bainbridge 
working  in  our  laboratory.  Here  then  we  have  a  definite  instance  of 
adaptation  of  the  pancreas,  the  pancreatic  juice  or  pancreatic  extracts 
of  dogs  on  normal  diet  containing  no  lactase,  while  the  administration 
of  lactose  to  these  animals  causes  the  appearance  of  lactase  in  both 
cases.  Since  in  this  case  we  have  to  determine,  not  simply  an  increase 
or  diminution  in  the  amounts  of  ferments  always  present  in  the 
juice,  but  the  presence  or  absence  of  a  definite  substance,  this  was 
evidently  the  best  starting  point  for  an  investigation  of  the  mechanism 
by  which  the  pancreas  can  adapt  itself  to  the  nature  of  the  food, 
an  investigation  which  has  been  carried  out  and  completed  by 
Dr.  Bainbridge. 

What  are  the  limiting  conditions  1  In  the  first  place  the  reaction 
is  absolutely  specific.  Unless  the  animal  is  taking  lactose  in  its  diet 
no  lactase  is  ever  found  in  the  pancreas  or  in  its  secretion.  The 
pancreas  of  new-born  animals,  for  instance,  is  quite  free  from  lactase, 
which,  however,  makes  its  appearance  2  or  3  days  after  birth  as  the 
result  of  the  milk  diet.  The  production  of  lactase  is  not  a  direct 
reaction  of  the  pancreas  to  the  presence  of  lactose  in  the  blood,  since 
subcutaneous  or  intravenous  injection  of  lactose  does  not  cause  the 
appearance  of  lactase  in  the  pancreas.  The  intestinal  mucous  mem- 
brane of  all  animals,  whether  on  a  milk  diet  or  not,  contains  lactase 
and  has  an  inverting  action  on  lactose.  It  might  be  thought  therefore 
that  the  production  of  lactase  by  the  pancreas  was  a  reaction  to  the 

*  '  Centpslblfttt  f.  Physiologie,'  yol.  17, 1903. 
f  'Sifcfungeberiohte  der  "K.  Pt©u%b.  AY«A.  ^.^\%%.;  \%^^,^.n^. 
:  '  a  B.  Soo.  de  Biologie;  1^9^,  v-  ^^T . 
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presence  of  the  products  of  inversion  of  lactose  in  the  blood.  Thiff 
was  found  not  to  be  the  case.  Subcutaneous  injection  of  galactose 
for  several  days  was  not  followed  by  any  appearance  of  lactase  in  the 
pancreas  or  its  juice.  Nor  was  the  appearance  of  lactase  due  to  tha 
increased  production  of  this  ferment  in  the  mucous  membrane,  and  its 
escape  into  the  blood.  Injection  of  an  extract  of  mucous  membrane 
rich  in  lactase,  repeated  several  days  in  succession,  was  not  followed 
by  any  appearance  of  lactase  in  the  pancreas.  Injection  of  lactose 
into  the  duodenum,  and  the  subsequent  injection  of  secretin  after  an 
interval  of  1  hour,  was  inefficacious  in  causing  the  appearance  of 
lactase  in  the  pancreatic  juice.  For  the  production  of  lactase  in  the 
pancreas,  or  its  juice,  it  is  therefore  necessary  that  lactose  should  act 
on  the  intestinal  mucous  membrane  for  some  time.  The  reaction  is  a 
slow  one,  like  the  adaptation  in  Yasilieff's  experiments,  and  i» 
certainly  not  due  to  the  stimulation  of  certain  nerve  endings  in  the 
mucous  membrane  by  the  lactose. 

The  problem  was  somewhat  similar  to  that  presented  by  th& 
action  of  acid  in  the  duodenum,  since  this  introduced  into  th& 
duodenum  produces  secretion  of  juice,  whereas,  when  introduced! 
into  the  blood  stream,  it  has  no  effect  whatever  on  the  pancreas. 
The  question  suggested  itself  whether,  under  the  influence  of 
lactose,  a  special  secretin  was  formed  in  the  intestinal  mucous 
membrane  which,  on  access  to  general  circulation,  evoked  the  forma- 
tion and  secretion  of  lactase  by  the  pancreas.  Secretin  was  there- 
fore made  in  the  usual  way  (i.e.,  acidification,  boiling,  neutralisation^ 
and  filtering)  from  the  mucous  membrane  of  milk-fed  dogs.  The 
secretion  evoked  by  the  injection  of  this  liquid  resembled  that 
obtained  from  the  injection  of  ordinary  secretin,  and  contained  no 
lactase. 

Yet  it  was  evident  from  the  results  already  obtained  that  lactose 
must  act  on  the  pancreas  through  the  mucous  membrane  of  the 
intestine.  An  extract  was  therefore  made  from  the  mucous  membrane 
of  the  whole  small  intestine  of  a  milk-fed  dog.  This  was  filtered 
through  muslin,  and  about  10  c.c.  injected  subcutaneously  into  a 
biscuit-fed  dog  once  a  day  for  three  days.  The  dog  was  then 
anaesthetised,  a  cannula  placed  in  its  pancreatic  duct,  and  ordinary 
secretin  injected.  A  flow  of  pancreatic  juice  was  obtained,  and  this 
juice  was  found  to  contain  lactase.  This  experiment  was  performed 
eight  times,  and  in  each  case  the  juice  obtained  from  a  biscuit-fed  dog 
which  had  been  injected  with  an  extract  of  the  mucous  membrane  of  a 
milk-fed  dog  contained  lactase. 

Here  then  at  last  we  have  some  glimpse  into  the  mechanism  of  the 
adaptation  of  the  pancreas  to  the  nature  of  the  food.  As  the  result  of 
injection  of  lactose  some  substance  which  we  may  call  x  is  produced  in 
the  mucous  membrane  of  the  small  intestine.    This  substance  is  carried 
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hy  the  blood  to  the  pancreaa,  and  there  slowly  gives  rise  to  the 
formation  of  lactase,  which  is  turned  out  in  the  juice  when  BecTetlon  i* 
excited  by  the  entry  of  acid  chyme  into  the  duodenum .  We  ha¥t 
no  knowledge  as  yet  as  to  the  nature  of  this  substance  x.  All  wt 
can  say  is  that  it  is  destroyed  at  a  boiling  temperature^  since  bcnkd 
€%tra€ts  of  the  mucous  membrane  of  milk-fed  dogs  do  not,  whm 
Bubeutaneously  injected,  cause  the  appearance  of  any  Ucta^e  in  th^ 
pancreatic  juice  of  biscuit-fed  dogs. 


Table  IIL — EfFeet  on  Milk  Su^r  of  Pancreatic  Juice  from  Biscmt^ffi 
dogs,  which  bad  received  Subcutaneous  Injections  during  3  dayi 
of  Extracts  of  the  Mucou^s  Membrane  of  Milk-ftd  dogs. 

The  figures  represent  c,c,  of  lactose  solution  which  reduced  50  c.c- 
Pavy's  solution. 
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Eip. 
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juice. 
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6  7S 

B'l 

7*., 

4  1 

3-75 

20-8 

*(.,,. 

9-25 

*■ 

8-2 
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Whether  the  qualitative  adaptation  of  the  juice  in  respect  of  its 
trypsin,  amylopsin,  and  steapsin  is  carried  out  in  a  similar  fashion  we 
cannot  as  yet  say.  We  hope  that  an  investigation  of  the  mechanism 
of  this  adaptation,  which  is  now  proceeding,  may  throw  light,  not  only 
on  the  factors  involved,  but  also  on  the  nature  of  the  substance  which 
is  formed  in  the  mucous  membrane,  and  has  this  marked  effect  on  the 
activity  of  the  pancreatic  cells.  Involving,  as  it  does,  two  distinct  sets 
of  cells,  this  chemical  adaptation  is  more  complex  than  any  yet 
investigated,  and  shows  the  intimate  relation  which  must  exist  between 
the  chemical  activities  of  very  different  organs  of  the  body. 


1904.]    Easy  Method  of  preventing  Death  from  Snake  Bite.        323 


'' Experiments  on  a  Method  of  Preventing  Death  from  Snake 
Bite,  capable  of  Common  and  Easy  Practical  Application." 
By  Sir  Laudkr  Brunton,  M.D.,  F.RS.,  Sir  Joseph  Fayrbr, 
Bart.,  KC.S.I.,  F.R.S.,  and  Lkonard  Rogers,  M.D.,  B.S., 
etc.,  Indian  Medical  Service.  Received  February  22, — Read 
May  5,  1904. 

Although  this  paper  is  a  joint  one,  the  authors  wish  to  mention  that 
each  has  had  a  different  part  in  its  production.  The  whole  research 
may  be  fairly  regarded  as  the  natural  outcome  of  the  work  begim  in 
India  nearly  forty  years  ago  by  one  of  us  (JP&yrer),  and  this  is  the 
only  gromid  on  which  his  name  can  be  associated  with  this  paper. 
The  instrument  employed  was  designed  by  another  of  us  (Brunton), 
and  the  actual  experimental  work  was  entirely  carried  out  by  a  third 
(Rogers). 

The  first  experiments  on  the  use  of  permanganate  of  potash  as  an 
antidote  to  snake  poison  was  made  by  one  of  us  (Fayrer),  in  1869, 
both  by  the  local  application  of  a  solution  and  by  injection  into  the 
veins,*  on  the  ground  of  its  being  a  chemical  antidote.  The  animals 
experimented  upon  were  dogs,  but  the  permanganate  of  potash  did  not 
seem  to  have  any  power  to  avert  the  lethal  action  of  the  poison.  It 
was  shown  also  by  Wynter  Blytht  that  Cobra  venom  when  mixed  in 
iitro  with  permanganate  of  potash  becomes  innocuous.  His  results 
were  confirmed  by  two  of  us,  who  showed  that  some  other  substances 
had  a  similar  power.  J  They  tried  by  the  injection  of  strong  solution 
of  permanganate  of  potash,  and  also  by  its  local  application  to  an 
incision  made  over  the  bite,  to  destroy  the  lethal  action  of  Cobra 
poison  previously  injected,  but  their  experiments  were  unsuccessful, 
the  permanganate  appearing  to  be  unable  to  oveitake  the  poison  which 
had  got  the  start  of  it. 

In  1881  Messrs.  Couty  and  Lacerda§  made  a  number  of  experiments 
upon  the  effect  of  permanganate  of  potash  on  serpents'  venom,  and 
Lacerda  found  that  permanganate  of  potash  not  only  destroyed  the 
lethal  action  of  the  venom  when  mixed  with  it  in  vitro,  but  also 
preserved  life  when  a  1-per-cent.  solution  of  permanganate  was 
injected  into  the  tissues  close  to  the  place  where  the  venom  had  been 

•  *The  Thanfttophidia  of  India/  1872,  p.  96,  by  J.  Fayrer,  M.D.,  London, 
J.  and  A.  Chnpchill. 

t  "The  Poison  of  the  Cobra,"  by  A.  Wynter  Blyth,  M.B.C.S.,  'The  Analyst." 
February  28,  1877,  p.  204. 

t  '*Note  on  the  Effect  of  Various  Substances  in  Destroying  the  Activity  of 
Cobra  Poison,'*  Brunton  and  Fayrer,  *  Roy.  Soc.  Ppoc.,'  June  20,  1878,  toI.  27, 
p.  465. 

§  Couty  and  Lacerda,  '  Comptes  Rendus,'  toI.  92,  p.  466. 
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previously  injected,  and  also  when  both  venom  and  anddolje  wert 
injected  directly  into  the  vein.  At  the  time  of  presenting  his  not€  8» 
the  Acttdemy  of  Science  in  Paris ,  M,  Lacerda  was  apparently  unawift 
of  the  previous  experiments  by  Blyth,  Br  tin  ton  and  Fayrer,  In  a  Uter 
publication*  he  discnseea  their  experiments,  but  daimi  for  himeelf  fco 
haYe  Bcientilically  demonstrated  permanganate  of  potasli  to  btt  % 
predous  antidote  to  serpent  venom,  and  to  have  brought  it  tiitift 
common  use,  and  thinks,  therefore,  that  the  priority  belong  lo  htm ; 
but  he  was  apparently  unaware  that  instructions  for  its  use  with 
the  ligature  had  many  years  before  been  promulgated  by  Fayner 
in  India. 

In  the  winter  of  188 1  a  number  of  experiments  were  madb  bf 
Dr.  Vincent  EichardSy  who  founds  like  the  previous  experiji^Qtant 
that  Cobra  poison  was  completely  destroyed  by  permanganate  4i 
potash  when  mixed  with  it  in  viiro^  so  that  death  did  not  follow 
injection  of  the  mixture  either  hypodermically  or  into  a  vein 
found  also  that  when  Cobra  poison  was  injected  into  a  dog^  mi 
the  injection  followed  either  immed lately  or  after  an  interval  of 
4  minutes  by  a  hypodermic  injection  into  the  same  part  of  a  solutioii  oi 
permanganate  of  potash  no  symptoms  of  Cobra  poisoning  resulted,  but 
after  the  development  of  symptoms  of  Cobra  poisoning  permanganate 
of  potash  failed  to  have  any  effect  whether  injected  locally  or  into  a 
vein  or  both. 

These  results  obtained  both  by  Lacerdat  and  Richards  seemed  to  give 
good  hope  that  permanganate  of  potash  might  be  used  to  lessen  the 
appalling  fatalities  from  snake  bite  in  India,  but  it  is  evident  that  the 
hypodermic  injection  of  a  solution  can  never  be  widely  employed 
because  the  hypodermic  syringe  is  expensive,  it  is  liable  to  get  out  of 
order  just  at  the  times  that  it  is  wanted  and  the  solution  may  become 
dried  or  spilt  or  may  not  be  available.  It  is  evident  that  the  first 
requisite  for  any  antidote  to  snake  poisoning  is  that  it  shall  be  always 
at  hand ;  second,  that  it  shall  be  easily  applied ;  and  thirdly,  that  it 
shall  be  cheap. 

About  two  years  ago  one  of  us  (Brunton)  was  asked  on  behalf  of  a 
young  officer  going  out  to  India,  to  design  an  instrument  which  might 
be  used  in  case  of  snake  bite.  He  did  so  accordingly,  and  he  has  since 
had  a  similar  one  made  for  him  by  Messrs.  Arnold  and  Sons  which 
seems  to  combine  the  three  requisites  just  noted.  It  consists  of  a 
lancet-shaped  blade  about  half  an  inch  long,  long  enough  in  fact  to 
reach  the  deepest  point  of  a  bite  by  the  largest  snake.  He  has  had 
some  instriunents  made  with  a  double  edge  like  an  ordinary  lancet, 
and  others  with  one  edge  sharp  and  the  other  edge  blunt,  so  as  to 

*  Lacerda,  '  CompteB  Kendus,'  vol.  93,  p.  466. 

t  "  O    Veneno   ophidico    e    seus    antidote?, "'    Dr.  J.    B.    de    Lacerda^    Kio  de 
Janeiro,  Lombaerts,  &c.,  1881,  p.  64. 


1904.]    Easy  Method  of  preventing  Death  from  Snake  Bite.        325 

press  in  the  permanganate.  The  lancet  is  set  in  a  wooden  handle 
■about  an  inch  and  a  half  long,  which  is  hollowed  at  the  other  end  so 
as  to  form  a  receptacle  to  hold  the  permanganate.  Two  wooden  caps 
•sie  fitted  over  the  ends  of  the  instrument,  one  to  keep  in  the 
permanganate,  and  the  other  to  protect  the  lancet.  Such  an  instru- 
ment, if  turned  out  in  large  numbers,  could  be  sold  at  such  a  small 
price  as  to  be  within  reach  of  even  the  Indian  labourer,  and  might  be 
^sold  everywhere  in  the  same  way  as  packets  of  quinine  are  at  present. 


Fio.  1. — ^Lancet  for  use  in  snake  bite,  showing  the  steel  blade,  the  cap  which 
ooven  it,  the  hollow  wooden  handle  for  holding  crystals  of  permanganate  of 
potash,  and  the  corer  which  retains  them. 

The  plan  now  proposed  is  to  make  a  free  opening  into  the  site  of 
the  bite,  and  to  rub  in  crystals  of  permanganate.  For  this  purpose 
the  limb  should  be  surrounded  by  a  tight  bandage  above  the  bite,  the 
puncture  of  the  tooth  or  teeth  should  be  freely  cut  into  by  the  lance- 
shaped  blade  and  the  crystals  of  permanganate  introduced  and  rubbed 
round,     A  few  drops  of  saliva  may  be  added. 

To  test;  the  efficacy  of  the  proposed  plan  several  lethal  doses  of 
venom  dissolved  in  a  few  drops  of  water,  so  as  to  resemble,  as  far 
AS  possible,  the  natural  poison,  are  to  be  injected  into  the  limb  of  an 
animal,  a  ligature  placed  round  the  limb  above  the  seat  of  injection, 
an  incision  made,  and  crystals  of  permanganate  placed  in  the  wound, 
moistened  and  rubbed  in. 

Experimental  Investigation,  by  Leonard  Rogers, 

In  order  to  test  in  as  practical  a  manner  as  possible  the  value  of  the 
suggestion  of  the  two  first-named  authors  of  this  communication, 
the  following  experiments  were  carried  out  at  the  Physiological 
Laboratory  of  the  London  University  by  the  third-named  author.  In 
the  first  place  it  was  necessary  to  ascertain  if  crystals  of  permanganate 
destroy  the  activity  of  other  venoms  besides  that  of  the  Cobra,  for 
we  are  not  aware  that  its  action  in  this  direction  has  been  tested 
against  any  extensive  series  of  snake  venoms.  As  the  value  of  the 
suggested  treatment  would  evidently  be  greatly  enhanced  if  the  per- 
manganate could  be  shown  to  act  efficiently  against  every  class  of 
snake  venom,  a  series  of  experiments  were  carried  out  to  test  this 
point.     The  venoms  in  solution  were  mixed  with  small  quantities  of 
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a  10-per-cent*  solution  of  pure  crystalline  permanganate  of  potash  lit 
0"9  per  cent.  NaCI,  and  after  given  times  the  mixtures  were  injei^ted 
into  pigeons,  several  times  a  lethal  dose  of  each  venom  being  used,  so 
that  if  recovery  took  place  it  would  be  evident  that  the  permanganate 
had  destroyed  the  activity  of  the  poisonB.  llie  following  table 
(p.  327)  atimmarjaes  the  results  of  these  experiments. 

It  will  be  seen  that  the  table  includes  venoms  of  each  main  auh^ 
division  of  snakes,  namely,  the  twf>  tnie  vi peris,  the  Dahria  l^msfUU 
of  India  and  the  Puff  Adder  of  Africa,  the  Pit  Viper*  the  Crftittluji 
horridtis^  the  Colubrine  snake  the  BnmjarJis  fanfida^mf  and  on©  of  llie 
Hydrophidie  or  Sea-snakes,  namely,  the  ETiIi^iriiui  hm4^al€JtMji^  In 
the  case  of  each  ten  or  more  lethal  doses  were  neutralised  by  very  anudl 
quantities  of  permanganate  in  solution,  and  in  most  of  them  twenty 
lethal  doses  were  readUy  thus  rendered  harmless*  The  only  failure 
was  in  Experiment  7,  In  which  32 "2  milligrammes  of  Btm*iants  fasciafus 
venom  was  added  to  25  miliigrammes  of  permanganate  of  potash  in 
solution,  and  in  this  case  by  far  the  greater  part  of  the  poison  must 
have  been  neutralisefl,  for  in  previous  experiments  onc-eight^nth  pari 
of  the  venom  per  kilogramme,  used  in  Experiment  7,  killed  a  pigeon 
in  1  hour.  Further  experiment  showed  that  25  milligraniraes  of  the 
permanganate  of  potash  did  entirely  neutralise  16*1  milligrammes  of 
Bungarus  fasciatus  venom.  It  is  evident  then  that  the  salt  will 
neutralise  about  its  own  weight  of  this  venom,  but  that  its  power  in 
this  direction  has  a  definite  limit  as  might  have  been  expected.  It  is 
clear,  then,  that  this  agent  does  act  on  every  class  of  snake  venom  and 
renders  them  inert. 

Owing  to  the  limited  time  available  and  the  small  number  of  animals 
for  which  a  license  had  been  obtained,  the  actual  experiments  on  the 
treatment  after  injection  of  the  venoms  have  been  so  far  limited  to 
those  of  the  Cobra  as  a  typical  representative  of  the  Colubrine  class, 
and  of  the  Dahoia  Bussellii  as  a  common  and  deadly  viper.  Kabbits 
and  cats  were  used  in  the  investigation,  the  latter  on  account  of  their 
mixed  diet  and  firmer  tissues  resembling  more  closely  the  human 
subject.  The  venoms  were  dissolved  in  as  small  a  quantity  of  sterile 
normal  saline  solution  (0*9  per  cent.  NaCl)  as  possible,  so  as  to 
resemble  in  concentration  the  natural  venom.  The  portion  of  the 
limb  to  be  operated  on  was  cleaned  of  hair  by  scissors  beforehand 
(as  the  human  subject  is  free  from  this  obstacle  to  treatment).  The 
strong  solution  of  venom  was  then  injected  into  the  subcutaneous 
tissues  of  the  cleaned  part  of  a  hind  limb  a  little  above  the  paw,  as 
most  snake  bites  in  the  human  subject  occur  on  the  distal  parts  of  the 
extremities.  After  a  given  measured  time  a  ligature  consisting  of 
a  piece  of  bandage  was  tied  loosely  round  the  thigh  and  twisted  up 
tightly  by  means  of  a  piece  of  stick  or  a  pencil  so  as  to  temporarily 
stop  the  circulation  through  the  distal  part  of  the  limb  in  order  to 
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check  further  utbiorption  of  the  pnJBOn.  An  incidon  was  then  made 
in  the  long  axis  of  the  limb  over  the  seat  of  injection  of  the  poison, 
ami  the  edges  difisected  up  slightly  on  either  side  so  as  to  fully  expose 
the  affected  ti^ues  and  to  form  a  small  pocket,  into  which  the  crystak 
of  permanganate  were  next  placed*  and  after  motBtemng  with  a  few 
drops  of  sterile  normal  salt  solution  {water,  or  even  saliva,  would 
serve  in  an  emergency)  they  were  well  rubbed  in  luitil  the  eacposad 
ti&sues  presented  a  uniformly  blackened  appearance.  About  3  udtiutes 
were  usually  occupied  by  the  little  operation*  on  the  completion  of 
which  the  ligatiLre  was  releasied  and  a  dressing  and  bandage  applied 
to  the  wound.  The  animala  were  under  chloroform  Lhixjughoiit  the 
operation,  including  the  injection  of  the  venom.  The  amotint  of 
permanganate  held  by  the  instrument  made  for  these  experiments  was 
I  gramme,  this  quantity  being  used  in  each  of  the  experimenta. 

The  results  of  the  experiments  so  far  performed  may  most  con- 
veuicntly  be  summarised  in  the  following  table,  by  means  of  which 
they  may  readily  be  studied.  The  actual  doses  of  venoms  injected 
are  given  in  Column  4,  and  the  dose  per  kilogramme  weight  in 
Column  5.  The  time  which  was  allowed  to  elapse  after  the  injection 
of  the  poison  before  the  application  of  the  ligature  (Column  6)  wjis 
usually  I  minute,  which  it  was  calculated  would  be  sufficient  to  allow 
a  handkerchief,  or  in  the  Ciise  of  a  native  a  strip  of  a  pugari  or  of 
the  cotton  garments  commonly  worn  by  the  poorer  classes  in  the 
tropics,  being  tied  round  the  limb  and  twisted  up  to  form  an  efficient 
ligature.  In  a  few  of  the  later  experiments  this  application  of  the 
ligature  was  delayed  for  5  and  10  minutes.  In  Column  8  the  time 
is  shown  which  was  taken  over  the  operation  from  the  application 
to  the  release  of  the  ligature,  while  the  ultimate  result  is  shown  in 
Column  9.  In  most  of  the  control  experiments  a  ligature  wiis  applied 
round  the  thigh  for  about  the  same  time  as  in  the  operations,  iis  it 
appeared  possible  that  the  ligature  might  delay  somewhat  the  absorp- 
tion of  the  poison,  although  it  could  scarcely  affect  the  ultimate 
result  of  its  action,  owing  to  the  poison  being  an  essentially  cumulative 
one. 

The  first  six  experiments  of  Table  II  were  performed  on  rabbits, 
with  the  result  that  only  prolongation  of  life  was  obtained.  Thus, 
after  a  dose  of  10  milligrammes  per  kilogramme  (Experiment  1),  death 
took  place  only  a  little  quicker  than  after  one-tenth  of  this  dose  in  a 
control  animal  (Experiment  5).  Again  5  milligrammes  per  kilogramme 
in  a  treated  animal  caused  death  in  3^  hours  (Experiment  2),  but 
0*5  railligranmie  per  kilogramme  in  a  control  killed  in  the  same  time 
(Experiment  6).  The  rapidity  of  death  in  this  last  animal  shows  that 
0*5  milligramme  per  kilogramme  is  still  nuich  above  the  minimal 
lethal  dose  of  Cobra  venom  for  rabbits,  so  that  the  doses  used  in  the 
•eated  cases  were  many  times  a  lethal  dose  (about  five  to  fifty  times), 
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and  were  thus  mostly  proportionally  larger  doaes  than  a  Cobra  could 
eject  in  the  case  of  a  man.  The  tissues  of  a  rabbit  are  also  more 
delicate  than  tho^e  of  a  oat  or  of  a  maUi  so  that  absorptiQii  of  the 
poison  may  be  unusually  rapid  in  rabbits,  which  are  extremely 
suBceptible  to  snake  venoms. 

Turning  next  to  the  results  of  the  experiments  on  cats,  much  more 
satisfactory  results  were  obtained.  Th\ifl,  the  control  exrperimenta 
showed  that  1  milligramme  per  kilogramme  produced  death  in  50 
hours,  this  being  the  minimal  lethal  dose  of  the  Cobra  Tenom  used  ia 
these  experiments  for  cats  (Experiment  15).  A  dose  of  5  milUgrammes 
per  kilogramme  oaused  death  in  28  hours,  the  time  having  probably 
been  prolonged  by  the  application  of  a  ligature  after  the  injecdoD 
(Experiment  12).  A  dose  of  10  miUigmmmes  per  IdJogramme  proved 
fatal  in  3  hours,  at  though  a  ligature  had  been  applied  as  ui  the  treated 
cases  (Experiment  8),  On  comparing  the  result  of  treated  c^ses  with 
the  above  control  we  find  only  one  death  occurred  in  six  experimeuta. 
The  one  fatal  result  took  place  after  a  dose  of  5  milligrammes  per 
kilogramme  (Experiment  9),  this  having  been  the  first  case  treated,  in 
which  the  permanganate  was  not  as  thoroughly  rubbed  in,  and  the 
site  of  injection  was  not  as  completely  exposed  as  in  later  experiments, 
and  in  obis  case  death  did  not  take  place  until  over  30  hours.  On  the 
other  hand,  in  Experiment  7  recovery  took  place  after  10  milligrammes 
per  kilogramme  (ten  lethal  doses),  while  in  two  other  cases  recovery 
took  place  after  five  lethal  doses  had  been  injected,  in  one  of  which 
(Experiment  11)  5  minutes  were  allowed  to  elapse  before  the  treatment 
was  carried  out,  while  in  Experiment  13  recovery  ensued  from  lethal 
doses  treated  10  minutes  after  injection. 

The  above  results  are  very  encouraging,  for  it  appears  from 
D.  D.  Cunningham's  observations  that  the  average  amount  of  venom 
ejected  by  a  full-sized  Cobra  is  not  more  than  ten  lethal  doses  for  a 
man,  while  other  writers  give  much  smaller  amounts.  Further,  in 
many  cases,  the  full  dose  will  not  actually  be  injected  into  the  human 
tissue  for  various  reasons. 

In  Table  III  a  similar  series  of  experiments  with  Daboia  venom  are 
summarised.  Here  again,  in  the  case  of  rabbits,  only  very  marked 
prolongation  of  life  was  obtained,  although  the  dose  used  in  Experi- 
ment 17  was  less  than  four  lethal  doses,  so  that  it  is  clear  that  in  the 
case  of  rabbits  the  method  was  not  very  successful. 

On  the  other  hand,  the  experiments  with  cats  were  as  successful  as 
in  those  of  the  Cobra  series  given  above ;  for  only  one  of  the  six  cases 
treated  with  permanganate  died,  and  in  this  instance  (Experiment  21) 
the  very  large  dose  of  50  milligrammes  per  kilogramme  was  injected, 
and  the  treatment  was  delayed  for  5  minutes.  This  dose  is  probably 
relatively  larger  than  could  be  injected  l)y  any  known  viper  in  the 
case  of  a  full-grown  man.     Further,  in  this  case  death  did  not  take 
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place  until  upwards  of  24  hours  after  the  injectioii,  while  in  a  control 
experiment  with  the  same  dose  (Experiment  22)  a  fatal  result  occurred 
in  4  hours.  Further,  with  the  same  large  dose  recovery  took  place 
when  treatment  was  carried  out  ^  minute  after  injection.  Again, 
30  milligrammes  per  kilogramme  (three  lethal  doses)  killed  a  control 
cat  in  i\  hours,  but  in  three  cases  treated  ^,  5  and  10  minutes  respec- 
tirely  after  injection  all  recovered,  as  did  one  after  10  milligrammes 
per  kilogramme,  although  a  control  with  this  last  dose  died  in  30 — 40 
hours.  In  all  the  experiments  of  both  series  the  recovered  animals 
were  alive  and  well  5  days  and  upwards  after  the  injection  of  the 
venoms,  which  is  2  days  longer  than  death  has  ever  taken  place  in  any 
of  the  control  animals. 

The  above  results  are  very  encouraging,  as  the  Yiperine  poisons  are 
much  less  powerful,  weight  for  weight,  than  are  most  of  the  Colubriiies 
and  Hydrophidae,  so  that  the  amount  of  venom  ejected  by  them  can 
seldom,  if  ever,  be  more  than  two  or  three  times  a  lethal  dose  for 
man. 

In  the  course  of  the  experiments  it  was  observed  that,  even  when 
the  incision  was  made  only  30  seconds  after  the  injection  of  the  poison 
into  the  subcutaneous  tissues,  a  distinct  blood-stained  effusion  is  found, 
which  serves  as  a  very  useful  guide  to  the  location  and  limits  of  the 
injected  poison ;  after  5  or  10  minutes  the  effusion  is  more  extensive, 
and  in  these  cases  the  incisions  were  prolonged  up  the  limb  for  about 
2  inches  in  order  to  try  and  destroy  as  much  of  the  venom  as  possible. 
The  fact  that  as  favourable  results  have  been  obtained  after  5  minutes  as 
after  ^  minute,  may  very  possibly  depend  on  the  effusion  noted  materially 
checking  the  absorption  of  the  poisons,  so  that  at  the  end  of  that  time 
the  rate  of  absorption  may  become  very  much  less  rapid  than  during 
the  first  few  seconds  after  its  injection.  That  a  very  rapid  absorption 
occurs  during  the  first  few  seconds  after  the  injection  (probably  on 
account  of  the  action  of  the  poison  in  preventing  clotting  of  the  blood 
locally)  is  certain,  for  it  was  shown  by  Fayrer  many  years  ago  that  a 
dog  bitten  in  the  tail  by  a  full-sized  Cobra  died  in  spite  of  the  tail 
being  cut  off  between  the  bitten  part  and  the  body  a  few  seconds  after 
the  bite.  In  such  cases,  however,  the  dose  received  is  relatively  much 
larger  than  could  be  injected  by  a  Cobra  in  the  case  of  such  a  large 
animal  as  man,  so  that  in  practise  (except  in  the  very  rare  cases  where 
the  poison  is  injected  directly  into  a  vein)  a  fatal  dose  may  not  enter 
tlie  system  for  some  considerable  time  after  the  bite.  This  probability 
is  supported  by  the  fact  that,  in  the  case  of  Colubrine  poisons  at  any 
rate,  the  minimal  lethal  dose  is  the  same  whether  the  venom  is  given 
subeutaneously  or  intravenously,  yet  it  takes  1  or  2  days  to  produce 
death  when  injected  under  the  skin,  but  only  5 — 20  minutes  when 
inserted  into  a  vein,  so  that  under  the  former  conditions  the  whole  of 
the  poison  does  not  enter  the  circulation  for  a  long  period.    These  facts 
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suggest  the  hope  that  the  method  of  treatment  here  advocated  may 
produce  good  results  even  when  it  is  not  put  into  operation  until  con- 
siderably longer  periods  than  in  any  of  the  above  experiments,  especially 
when  only  slightly  ^tfpro-minimal  lethal  doses  have  been  received  into 
the  tissues. 

Condu^sions. 

Further  experiments  will  be  necessary  to  ascertain  the  exact  limits 
of  the  value  of  this  form  of  treatment,  and  they  will  be  undertaken 
immediately  by  one  of  us  (Rogers)  in  India,  fresh  venoms  being  tried,  as 
it  is  possible  that  they  may  be  more  rapidly  absorbed  than  those  which 
have  been  dried  and  redissolved.  We  think,  however,  that  the  results 
reported  in  this  communication  are  sufficiently  promising  to  make  it 
advisable  to  place  them  on  record,  with  a  view  to  a  trial  being  given  to 
the  method  in  suitable  cases,  especially  as  the  crystals  of  permanganate  of 
potash  are  actively  antiseptic  without  acting  as  more  than  a  superficial 
escharotic,  so  that  the  treatment  has  no  markedly  injurious  effect  which 
can  be  weighed  for  an  instant  against  the  terrible  results  of  bites  by 
venomous  snakes.  The  process  here  recommended  has  already  jrielded 
experimental  results  far  in  advance  of  anything  hitherto  attained. 

It  is  worthy  of  note  that  the  earlier  experiments  of  the  first  two 
authors  were  stopped  nearly  30  years  ago  by  the  passing  of  the  Act  for 
regulating  experiments  on  animals  in  England,  but  for  which  this  logical 
sequence  of  their  earlier  work  might  very  probably  have  been  made 
many  years  ago. 
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•'  The  Efifects  of  Changes  of  Temperature  on  the  ModuloB  of 
Torsioual  Rigidity  of  Metal  Wires/'  By  Frank  Hoetok. 
D.Sc.,  B.A.,  St.  John's  CalJege,  Cambridge;  1851  Exhibition 
Research  Scholar  of  the  TJaiversity  of  BirmiJighaia.  C-om- 
Diunicated  by  Professor  J.  J,  Thowsok,  F.R.S.  Eeceived 
March  17 —Read  April  28,  1904 

(Abstract) 
TbiB  paper  contains  ati  account  of  aome  experimeuta  performed  witli 
the  object  of  ascertaining,  ae  accurately  m  po«Bible,  the  manner  in 
which  the  modulus  of  torsional  rigidity"  varies  with  the  tamperatum 
The  law  governing  this  variation  has  been  expressed  in  several 
different  forms  by  those  who  have  investigated  it,  hut  all  the  more 
recent  experimenters  have  been  content  with  finding  the  modulus  at 
two  temperatures  only  and  assuming  a  linear  law  to  hold  between 
them.  The  first  part  of  the  paper  contains  a  short  account  of  the 
jiesults  obtained  by  previotia  investigators,  and  possible  sources  of 
error  in  the  methods  employed  are  pointed  out.  The  rest  of  the 
paper  is  divided  into  the  following  sections  : — 

(1)  Description  of  apparatus,  etc. 

(2)  Account  of  the  experiments. 

(3)  Summary  of  results  and  comparison  with  those  of  other 

observers. 

(4)  Determination  of  the  coefficients  of  expansion  of  the  wires. 

The  metals  experimented  on  were  copper,  iron,  platinum,  gold, 
silver,  aluminium,  tin,  lead,  cadmium,  all  chemically  pure,  and  also 
specimens  of  commercial  copper  and  of  steel  pianoforte  wire.  The 
wire  sused  were  of  approximately  the  same  length  and  diameter,  and 
were  carefully  annealed  before  the  rigidity  determinations  were  begim. 

The  method  of  experimenting  employed  was  a  dynamical  one,  the 
torsional  oscillations  of  the  wire  under  test  being  timed  by  a  method 
of  coincidences  capable  of  great  exactness.  Some  of  the  observations 
made  in  the  course  of  this  work  yielded  what  seemed  to  be  interesting 
information  as  to  the  internal  viscosities  of  the  wires  used.  This  is 
recorded  in  the  paper  and  compared  with  similar  observations  by  other 
experimenters. 

The  vibrator  generally  used  was  a  circular  disc  of  gunmetal,  and 
this  was  completely  enclosed  with  the  wire  in  a  heating  jacket,  the 
temperature  of  which  could  be  varied  as  required.  Observations  of 
the  period  of  torsional  vibration  were  made,  in  general,  at  five 
temperatures,  viz.,  at  the  temperature  of  the  room,  alx)Ut  16**  C,  at 
35  C,  55'  C,  75'  C,  and  100'  C,  and  also  in  some  cases  at  126''  C,  the 
higher  temperatures  being  obtained  by  using  the  vapours  of  various 
liquids  boiling  under  atmospheric  pressure. 
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The  method  of  coincidences  used  in  timing  the  torsional  vibrations 
consists  in  observing  the  reflections  of  a  vertical  flash  occurring  once 
a  second,  in  two  mirrors,  one  of  which  is  fixed  in  position,  and  the 
other  is  attached  to  the  vibrator  and  vibrates  with  it,  swinging  just 
above  the  fixed  mirror  and  being  parallel  to  it  when  at  rest.  The 
reflections  are  observed  by  means  of  a  telescope,  in  the  field  of  view 
of  which,  in  general,  two  flashes  are  seen,  one  always  occiurring  in  the 
same  position,  and  the  other  appearing  in  diflerent  parts  of  the  field 
according  to  the  position  of  the  moving  mirror  at  the  instant  the  flash 
occurs.  If  a  second  signal  happens  exactly  when  the  two  mirrors  are 
parallel,  the  two  flashes  coincide,  and  it  is  from  these  "  coincidences  " 
that  the  time  of  vibration  is  obtained.  The  method  of  coincidences  is 
usually  only  applied  to  the  comparison  of  two  nearly  equal  times,  but 
it  is  shown  in  the  paper  to  be  equally  applicable  to  any  two  periods 
even  if  they  are  quite  diffierent. 

In  order  that  the  observed  periods  at  diflerent  temperatures  may  be 
comparable,  it  is  necessary  that  they  should  be  corrected  for  the 
increased  length  and  radius  of  the  wire,  and  also  for  the  expansion  of 
the  vibrator  at  higher  temperatiures.  For  this  purpose  the  coefficients 
of  expansion  of  the  wires,  and  of  a  gunmetal  bar  cast  at  the  same 
time  as  the  vibrator,  were  determined  by  means  of  the  measuring  bench 
in  the  Physical  Laboratory  of  the  University  of  fiirmingham,  which 
Professor  Poynting  kindly  placed  at  my  disposal.  A  description  of 
the  instrument  (which  has  not  otherwise  been  described),  and  the 
results  of  the  experiments,  are  given  in  Part  4  of  the  paper. 

In  addition  to  the  determination  of  the  periods  of  vibration, 
observations  of  the  logarithmic  decrement  of  the  amplitudes  of  the 
oscillations  were  taken  at  each  temperature,  and  thus  the  effect  of 
temperature  on  the  internal  viscosity  of  the  wires  was  observed.  At 
the  end  of  the  rigidity  determinations  for  each  wire,  a  series  of 
observations  was  usually  taken  to  ascertain  the  manner  in  which  the 
logarithmic  decrement  and  the  torsional  period  varied  with  the  ampli- 
tude of  vibration,  amplitudes  up  to  about  10**  being  used.  The  main 
observations  for  the  rigidity  determinations  were  all  taken  at  the 
constant  average  amplitude  of  14'. 

The  following  is  a  summary  of  the  principal  results : — 

1.  In  all  the  materials  examined,  with  the  exception  of  pure  copper 
and  of  steel,  the  modulus  of  rigidity  at  one  temperature  is  not 
constant,  but  increases  as  time  goes  on.  The  rate  of  increase  of 
rigidity  with  time  is  greater  the  higher  the  temperature,  and  repeated 
beatings  to  the  same  temperature  gradually  lessen  the  rate  of  altera- 
tion with  time  at  that  temperature,  but  even  in  the  course  of  months 
of  experimenting  the  increase  of  rigidity  with  time  cannot  be  entirely 
eliminated. 

2.  The  diminution  of  the  modulus  of  rigidity  per  degree  rise  of 
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temperature  between  10°  C,  and  100°  C.  is  constant  for  pure  copper 

and  for  steel,  biit  not  for  any  of  the  other  materials  exam^ined. 

3.  In  th€  case  of  the  metalf^  iron,  gold,  tin,  lead  and  eommerciAl 
copper f  the  rigidity  temperature  curve  ib  of  such  shape  as  to  suggest 
that  if  it  were  possible  to  obt-ain  the  values  of  the  rigidity  modulus 
at  the  different  temperatures,  all  within  a  very  short  space  of  tiioe 
{so  as  to  avoid  the  **  time  effect "),  the  resulting  curve  would  be  a 
straight  line. 

4.  In  the  case  of  the  metals  platinum j  silver,  aluminitun,  the  shApe 
of  the  rigidity- temperature  curve  shows  that  the  effect  of  the  gradual 
increase  of  rigidity  with  time  is  such  as  to  make  the  alteration  with 
temperature  approximate  more  closely  to  a  linear  law  than  would  be 
the  case  if  the  observations  were  all  taken  within  a  very  small  interval 
of  time.  For  these  metals,  therefore,  the  decrease  of  torsional 
elasticity  per  V  C.  rise  of  temperature  increases  with  the  temperattiTR 

5.  In  general,  the  effect  of  heating  to  a  high  temperature  is  to 
increase  the  value  of  the  rigidity  modulus  at  lower  temperatufBi. 
(This  iipplies  even  to  pure  copper,  of  which  the  modulus  of  rigidity  at 
the  ordinary  laboratory  temperature  is  slightly  greater  after  the  wire 
has  been  heated  to  higher  temperatures.  The  rigidity  of  steel  was  quite 
constant,  and  with  silver  the  value  of  the  modulus  at  the  temperature 
of  the  laboratory  in  the  last  few  experiments  was  unaltered  by  a 
temporary  increase  of  temperature.  Tin  was  the  only  case  in  which 
the  rigidity  modulus  at  the  ordinary  laboratory  temperature  was 
lessened  by  heating.) 

6.  The  internal  viscosity  of  all  the  metals  examined,  with  the 
exceptions  of  soft  iron  and  steel,  increases  with  the  temperature.  This 
increiise  varies  very  much  with  different  metals,  being  greatest  with 
aluminium  and  least  with  platinum.  The  internal  \nscosity  of  soft  iron 
decreases  rapidly  with  rise  of  temperature  and  reaches  a  minimum 
value  at  about  100°  C.    There  is  a  slight  decrease  also  in  the  case  of  steel. 

7.  Repeated  heating  and  continued  oscillation  through  small  ampli- 
tudes decrease  the  internal  friction. 

8.  Both  the  internal  friction  and  the  period  of  torsional  vibration 
increase  with  the  amplitude  of  oscillation.  The  increase  is  generally 
greater  the  higher  the  temperature  of  the  wire.  It  is  least  in  the  case 
of  steel  and  is  small  in  the  case  of  soft  iron. 

9.  Vibration  through  a  large  amplitude  considerably  alters  both  the 
logarithmic  decrement  and  period  of  oscillation  at  smaller  amplitudes. 
The  nature  of  the  alteration  varies  with  different  metals,  being  in  some 
cases  an  increase  and  in  some  a  decrease. 

10.  The  internal  viscosity  of  a  well-annealed  wire  suspended  and 
left  to  itself  gradually  decreases. 

11.  The  internal  viscosity  of  an  unannealed  wire  is  enormously 
reduced  by  annealing. 


L904.]        Sparking  Distances  between  Charged  Surfaces,  337 


'  The  Sparking  Distance  between  Electrically  Charged  Surfaces. — 
Preliminary  Note."  By  P.  E.  Shaw,  B.A.,  D.Sc.  Communi- 
cated by  Professor  J.  H.  Poynting,  F.RS.  Received 
March  22,— Read  April  28,  1904. 

Lord  Kelvin^  first  made  systematic  measurement  of  the  relation 
between  potential  difference  and  sparking  distance.  He  noticed  that 
these  factors  do  not  vary  in  proportion  and  he  surmised  that  this  might 
be  due  to  "  the  air  near  dense  bodies  being  condensed  and  so  becoming 
a  better  insulator." 

Later  G.  A.  Liebigt  published  results  bringing  voltages  used  to  as 
low  as  800,  the  discharge  distance  being  67  micra.  Both  the  above 
observers  used  frictional  machines  to  produce  E.M.F.  and  worked  in 
electrostatic  units. 

R.  F.  EarhartI  made  a  new  departure,  using  a  continuous  current  from 
accumulators,  and  obtained  consecutive  results  with  voltages  from  1000 
to  38 ;  the  corresponding  sparking  distances,  ranging  from  100  fi  to  \fi, 
were  measured  by  Michelson's  interferometer. 

One  very  interesting  result  of  his  research  was  that  the  potential 
gradient,  dvldx,  suddenly  changes  when  the  sparking  distance  is  about 
2/x  (see  fig.  2);  for  greater  distances  dv/dx  is  7  (volts  per  micron) 
vrhereas  for  less  distances  it  is  200.  Thus  a  distinct  "  knee  "  is  formed 
in  the  curve  connecting  Y  and  x.  I  have  suggested  an  explanation  of 
bhis.§ 

It  has  been  shown  that  the  thickness  of  the  condensed  water  film  on 
lolid  surfaces  at  ordinary  pressure  and  temperature  is  about  0*8  fi.  If 
wo  surfaces  approach  one  another  to  a  distance  of  2  /a  then,  deducting 
)'8  fj-  for  the  film  on  each  surface,  we  have  an  air  distance  left  of  only 
1-4  ft,  which  would  be  easily  bridged  by  small  vibrations  of  the  surfaces, 
nd  the  bridge  would  be  stable  on  account  of  capillarity.  Thus  any 
iscbarge  would  take  place  through  the  water  film  and  not  through 
ir.  The  film  on  recently  cleaned  metal  would  be  very  pure  and  would 
lave  a  dielectric  strength  greater  than  air  (from  the  numbers  quoted 
t  appears  to  be  thirty  times  as  great),  hence  the  sudden  rise  in  dv/dx, 

Mr.  Earhart  tried  the  effect  of  increasing  and  decreasing  the 
tmospheric  pressure.  Increase  in  pressure  causes  small  increase 
1  dv/dx  below  the  "knee"  and  large  increase  above  the  "knee"; 
ut  what  is  more  important  to  notice  is  that  increase  in  pressure 
auses  the  "knee"  point  to  move  up  the  curve  corresponding  to 
reater  sparking  distance.      These    last  results   support    the  theory 

•  ThomBon,  *  Roy.  Soc.  Proc.,'  1860. 

t  *Liebig,  *Phil.  Mag./  vol.  2I-,  1887. 

t  Earhart,  *  Phil.  Mag.,'  vol.  1,  1901. 

§  Parks,  *  Phj8.  Soo.  Proc.,'  Discussion,  p.  418,  1903. 
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put  forward,  for  the  film  would  increase  and  decreoss  in  thiekn 
directly  with  pressure, 

W.  K,  Carr^  made  eimilar  inyestigationa,  hut  &a  ha  worked  m 
reduced  pressiyea  and  his  discharge  diBtance  was  neyer  less  than  I  m 
whereas  mine  is  never  greater  than  1  f^  our  work  does  not  ov^rlap^. 

Suppose  two  surfaces  having  a  constant  potential  difference  { 
approach  one  another,  the  tension  between  the  charged  surfaces  at  1 
breaks  down  the  medium  when  the  distance  apart  is  x.  The  «p 
between  the  can  tact  surfaces  may  be  occupied  hy  one  or  more  mec 
eaeh  medium  having  clielectiic  strength,  either  constant  or  vary 
from  point  to  point.     Two  cases  concern  us— 

L  One  medium,  uniform  in  dielectric  strength;  we  can  express 
critical  potential  in  terms  of  potential  gradient.     The  curve  betwi 
y  and  j^  is  a  straight  line  to  the  origin, 

3.  Two  or  more  media  uniform  in  dielectric  strength.  The  cu 
is  a  succession  of  straight  lines. 

Keferring  to  £g.  2  it  will  be  seen  that  Earhart's  curve  is  com^pc^ed 
two  slniighi  portions.  Hence  on  the  above  hypothesis  the  water  fi 
has  a  constant  dielectric  strength  and  so  has  the  air  outside,  t 
strength  of  the  former  being  about  thirty  times  that  of  the  latter. 

Fio.  1. 
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•  '  Phil.  Trans.  '  vol.  201 ,  1903. 
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I  have  investigated  this  subject  by  means  of  the  electric  micrometer,* 
which  is  specially  well  adapted  for  the  purpose,  as  it  measures  by  the 
principle  of  electric  touch.  Briefly  expressed,  it  has  a  fine  micrometer 
screw  S  (fig.  1)  with  a  graduated  wheel  G ;  and  a  system  of  six  levers  ifr 
arranged  to  minify  the  movement  of  the  screw  point,  thus  1  /a  movement 
of  the  screw-head  becomes  1  /a/li  or  less  of  the  point  X.  A  fixed  surface- 
Y  is  arranged  near  the  adjustable  one  X,  and  when  X  and  Y  touch  a 
circuit  is  completed  as  shown  through  the  telephone  T.  To  find  the 
position  of  contact  the  observer  works  the  screw  S,  watches  the  wheel 
G,  and  listens  at  T.  The  spark  gap  is  across  XY.  A  battery  B- 
capable  of  giving  200  volts  has  a  potential  divider  Zi,  which  enables  us 
to  apply  to  XY  any  required  voltage,  which  is  read  on  the  voltmeter 
W.  A  key  K  enables  us  to  use  either  the  large  voltage  from  B  on  a 
small  voltage  {^  volt)  from  A,  also  provided  with  a  potential  divider 
Z2.  To  make  an  observation  apply  the  small  voltage  from  A,  ascertain 
the  position  of  contact  by  G  and  separate  the  contacts  XY.  Now  apply 
the  large  voltage  from  B  and  slowly  bring  the  contacts  together  until! 
discharge  occurs,  as  observed  in  the  shunted  telephone.  G  is  again* 
read.     The  results  follow  (p.  341). 

The  table  shows  Earhart's  results  with  mine.  There  are  some- 
points  of  interest : — 

1 .  The  last  two  columns  show  potential  gradients.  There  does  not 
appear  to  be  any  change  in  gradient  nearer  the  origin  than  2  fi,  hence* 
we  infer  that  there  is  no  inner  film  or  change  in  dielectric  strength. 

2.  In  working  the  electric  micrometer  I  commonly  use  a  potential 
difference  across  the  contacts  of  ^th  volt. ;  it  might  be  supposed  that 
this  voltage  would  produce  irregular  discharge  and  make  the  readings 
of  the  instrument  uncertain.  The  table  shows  that  the  sparking 
distance  would  be  about  i  /x/x.  So  that  even  if  there  were  a  large 
percentage  error  in  this  distance  the  errors  in  measurement  would  be 
insignificant. 

The  curves  are  shown  in  fig.  2.  The  curves  on  the  left  side  indicate 
good  agreement  between  the  two  observers,  where  they  overlap. 

We  should  expect  more  regular  results  when  there  is  a  pure  liquid 
between  the  surfaces  than  when  there  is  an  air  gap ;  for  dust  particles 
which  would  interpose  in  the  air  could  not  break  into  the  liquid. 
Earhart's  results  show  great  difference  in  regularity  on  the  two  sides 
of  the  "  knee."  The  curves  on  the  right  are  on  an  open  scale  to  show 
my  results  better. 

The  potential  gradient  for  Earhart's  results  is  200 — ^for  mine  L50f 
the  curves  crossing  one  another  for  voltage  60. 


*  For  an  account  of  this  inBtrument,  see  Shaw,  *  Fhil.  Mag.,*  Deoemboit;  IdOO'; 
March,  1901;  '  ElectriciM,'  February,  1901. 
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Previous  observers  have  been  careful  to  have  plain  ot  spherical 
irfaces  opposed  so  that  the  conditions  of  discharge  should  be  definite, 
ut  when  the  discharge  distance  is,  as  in  this  case,  always  less  than  a 
licron  and  sometimes  only  a  few  millimicrons,  the  form  given  to  the 
irface  is  of  little  importance,  for  in  a  polished  surface  there  will  exist 
regularities  on  each  surface  of  the  order  of  the  distance  between  the 
u  faces.  In  that  case  discharge  will  occur  from  a  point  on  one  surface 
)  the  nearest  point  on  the  other  surface.  I  generally  used  a  bead  of 
idio-platinum  (1  mm.  diameter),  and  a  plane  of  iridio-platinum,  both 
ighly  polished. 

In  using  high  voltage  the  surface  must  "be  tepoWdne^  ^\.\«t  ^n^\"^ 
wcharge,   hut  for  small  voltage  (less  than  f>)  \hi^  avMilajc.^  ""«^  ^^"^ 
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be  BO  much  shattered  and  can  be  used  two  or   three  times   before 

repolifihini^. 

I  made  special  tests  ynih  n  copper  bead  and  copper  plate,  but  there 
was  no  change  in  results*  Also  lusing  a  copper  point  and  copper 
plane  the  gradient  came  out  about  half  aa  much  as  indicated  In  th^ 
table  above.  Again,  when  using  a  bead  and  disc,  it  is  fotind  to  be 
Immaterial  which  is  positive  and  which  negative,  eo  that  for  sm&H 
distances  there  does  not  appear  to  be  a  different  positive  and  negatire 
tension  as  was  found  by  Farad^iy  for  large  distances, 

I  hope  to  continue  the  research,  varying  the  conditions.  My  best 
thanks  are  due  to  the  Royal  Society  for  grants  in  aid  of  researdi 
extending  over  the  last  three  years. 

I  wish  also  to  express  my  great  obligation  to  Professor  W*  H*  Heaton 
for  granting  me  every  facility  in  my  investigation. 


"  Further  Note  on  some  Additional  Points  in  Connection  with 
Chloroformed  Calf  Vaccine."  By  Alan  B.  Grken,  M.A, 
M.D.  (Cantab.).  Communicated  by  Dr.  W.  H.  Poweh,  C.B.. 
F.B.S.     Keceived  April  19,— Bead  May  5,  1904. 

(From  the  Government  Lympli  Laboratories.) 

Since  April,  1903,  the  date  of  my  preliminary  note*  on  this  subject, 
the  preparation  ot  calf  vaccine  by  the  chloroform  process  has  been 
carried  on  in  at  these  laboratories  and  a  hirge  number  of  vaccines  have 
now  been  treated  by  this  method.  These  lymphs  have  been  freed  from 
their  non-sporebearing  extraneous  bacteria  within  a  period  ranging 
between  1  and  8  hours  after  their  collection  from  the  calf,  an<i 
have,  subject  to  the  usual  tests,  been  issued  for  general  vaccination 
purposes  ahout  2  weeks  after  collection.  Their  use  has  resulted  in 
high  "  case  "  and  "  insertion  "  success. 

The  following  points  in  connection  with  these  vaccines  have  been 
investigated. 


The  Effect  of  Temperature  in  th'  EUinination  of  Extraneous  Micro-organwn^ 
from  Crude  Calf  Vaccine  Jaj  the  Chloroform  Frotrss. 

It  has  l)een  ascertained  that  the  temperature  at  which  vaccine 
emulsion  is  sul)jected  to  the  chloroform  process  determines  largel}'  the 
rate  at  which  the  extraneous  bacteria  of  that  emulsion  are  eliminated. 
This  has  been  shown  in  two  ways. 

♦  '  Roy.  Soc.  Proc.,'  1003. 
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In  the  first  set  of  experiments  vaccine  emulsion,  consisting  of  one 
part  by  weight  of  pulp  and  two  parts  by  weight  of  water,  was  divided 
into  several  equal  portions.  Each  portion  was  then  submitted  to  a 
pre-determined  and  separate  temperature  along  with  the  set  of 
apparatus  to  be  used  for  its  treatment  with  chloroform.  These  tempera- 
tures ranged  from  lO**  C. — 37°  C.  In  each  case  after  both  emulsion 
and  apparatus  had  reached  the  requisite  temperature  of  the  experiment, 
passage  of  chloroform  vapour  and  air  through  the  emulsion  was 
effected. 

It  was  found  by  means  of  plate  cultivations,  that  elimination  of 
extraneous  micro-organisms  was  most  rapidly  effected  in  the  case  of 
the  emulsions  chloroformed  at  37 **  C,  and  that  elimination  was  most 
slowly  effected  in  the  case  of  the  emulsions  chloroformed  at  10°  C. 
Between  these  temperatures  the  gradation  of  germicidal  action  was 
very  constant. 

The  potency  of  these  vaccines  was  subsequently  tested  by  inocula- 
tions on  calves,  with  the  result  that  vaccines  which  had  been  subjected 
to  the  chloroform  process  at  temperatures  below  30°  C.  caused  rather 
better  vesiculation  than  the  vaccines  treated  at  temperatures 
above  30°  C. 

In  the  second  set  of  experiments,  vaccine  emulsion,  prepared  as 
before,  was  divided  into  a  number  of  equal  portions,  each  of  which 
was  placed  in  a  separate  test-tube.  In  this  case,  the  emulsions  were 
all  subjected  to  the  chloroform  process  at  15°  C.  After  the  passage  of 
chloroform  vapour  and  air  through  the  emulsions  for  half  an  hour,  the 
entrance  and  exit  of  each  vaccine  tube  were  clamped  in  order  that 
none  of  the  contained  chloroform  might  escape,  and  the  tubes  were 
placed  in  temperatures  ranging  from  10°  C — 37°  C.  for  24  hours.  In 
the  case  of  these  emulsions,  where  the  amount  of  chloroform  present 
in  each  must  have  been  approximately  the  same,  a  similar  gradation  of 
germicidal  action  was  evidenced  as  in  the  former  set  of  experiments  ; 
elimination  occurring  most  rapidly  in  the  case  of  emulsions  submitted 
to  a  temperature  of  37^  C,  and  most  slowly  in  the  case  of  emulsions 
submitted  to  a  temperature  of  10°  C. 

The  potency  of  each  of  these  vaccine  emulsions  was  tested  as  before 
by  inoculations  on  calves,  with  the  result  that  vaccines  which  had 
been  submitted  to  temperatures  below  30°  C.  gave  slightly  better 
vesicles  than  vaccines  which  had  been  submitted  to  temperatures 
above  30°  C. 

Both  series  of  experiments  indicate  that  the  temperature  at  which 
extraneous  bacteria  are  killed  most  quickly  in  vaccine  emulsion  by  the 
chloroform  process,  the  specific  germ  being  left  meanwhile  in  state  of 
full  activity,  lies  probably  between  18'  C.  and  23°  C. 
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The  Species  of  Micro-organimis  KilUd  b^  the  Chl^^roforfii  Pracsss. 

In  addition  to  the  axtnuieou^  micro-organisms  mentioned'^  as 
commonly  occurring  in  cnide  eulf  Taediie  and  as  being  diminated 

therefrom  by  means  of  chloroform^  experiments  have  lii?eii  made  wv^ 
further  species  of  bacteria.  These,  with  the  exception  of  B,  pr^tmt 
inilgaris  and  B.  roli  mmnmmSy  have  never  been  found  in  vaccine  Ijmpk 
at  these  laboratories^  but  they  have  been  subjected  to  the  action  oi 
chloroform  in  order  that  knowledge  of  the  germicidal  valua  of  that 
process  might  be  extended.  The  bacteria  thus  experimented  ^tlt 
are  :—B,  proteas  v^dgaris^  B.  pt^adi^jfiosuSi  B.  pyoct/a  tieux^  B,  j^mfrex^m 
iiquefadens,  B.  cdi  cmnmuni^,  B.  i^^susy  B,  diphihrm^  B,  «mII4 
B.  pestis^  B,  tuherculmi.^^  and  BpiriUum  cJiolerm  AdaiiaE. 

Broth  emulsionu  of  these  Imcteria  were  first  erporimented  irith,  M 
soon  as  an  emulsion  was  established  a  suitable  culture  medium  wu 
inoculated  with  a  small  portion  of  it  and  duly  inculiated,  in  order  K) 
ascertain  whether  the  species  of  micro-organism  in  question  could  N 
easily  recovered  from  the  emulsion.  The  passage  of  chlorofona 
vapour  and  air  through  the  emulsion  was  then  begun,  and  during  the 
process  at  regular  intervals  further  cultivations  were  made  from  it. 
In  every  instance  the  bacteria  of  experiment  were  found  to  have  )»een 
killed,  at  intervals  ranging  from  1 — 8  hours  from  the  commence- 
ment of  the  process. 

In  a  second  set  of  experiments  vaccine  emulsions  were  prepared  by 
mixing  one  part  by  weight  of  pulp  with  two  parts  liy  weight  of  water. 
To  these  emulsions  the  ])acteria  to  be  experimented  with  were  added, 
and  cultivations  at  once  made  therefrom  in  each  instance,  to  ascertain 
whether  recovery  of  the  bacteria  was  possible.  Passiige  of  chlorofonn 
vapour  and  air  through  the  emulsions  was  then  carried  out  and  further 
cultivations  made  from  them  from  time  to  time.  As  in  the  ciise  of  the 
broth  emulsions,  after  the  passage  of  the  chloroform  vapour  and  air 
for  a  few  hours,  the  ])actena  in  the  vaccine  emulsions  were  killed. 

In  the  case  of  each  experiment  of  the  two  foregoing  series,  a 
"control"  preparation  was  estaUished  in  which  the  bacteria  were 
found  to  be  still  alive  after  the  bacteria  of  the  corresponding  experi- 
mental preparation  had  been  killed. 

The  vaccine  used  in  these  experiments  was  collectetlfor  experimental 
purposes  only. 

Tlte  Keejnufj  Properties  of  Chloroformed  J'arcines. 

The  keeping  properties  of  chloroformed  vaccines  have  been  tested  in 
the  following  ways : 

First,  vaccine  lymph  freshly  collected  from  the  calf  was  divided  into 
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two  portions.  One  portion  after  emulsification  with  water  was 
subjected  to  the  chloroform  process  and,  after  elimination  of  its 
extraneous  micro-organisms,  the  chloroform  was  partly  removed  by 
the  passage  through  the  emulsion  of  a  stream  of  sterile  air.  The 
other  portion  was  emulsified  with  50  per  cent,  of  glycerine  and  water 
solution.  These  chloroformed  and  glycerinated  emulsions  were, 
within  24  hours  of  their  collection  from  the  calf,  each  sub-divided  into 
five  parts,  one  part  of  each  being  stored  at  10*  C,  20"  C,  25"  C, 
30'  C,  and  37"  C.  The  potency  of  these  several  parts  was  subsequently 
tested  on  calves  at  regular  intervals  of  time.  The  result  showed : 
(a)  that  the  highest  potency  was  retained  for  the  longest  time,  alike 
for  the  chloroformed  and  glycerinated  portions,  by  the  emulsions 
stored  at  10"  C,  and  for  the  shortest  time,  alike  again  by  both  portions, 
by  emulsions  stored  at  37"  C. ;  and  (h)  that  the  potency  as  between 
the  chloroformed  and  glycerinated  vaccine  kept  at  any  one  of  the 
foregoing  temperatures  was  practically  the  same,  the  only  marked 
diflerence  occurring  in  case  of  the  vaccines  kept  at  37°  C,  a  temperature 
at  which  the  chloroformed  emulsions  retained  potency  for  a  longer 
period  than  did  the  glycerinated  emulsions. 

Upon  the  completion  of  the  foregoing  experiments,  a  further  number 
of  vaccines  collected  from  vesicles  of  good  average  quality  were 
emulsified  with  water  in  the  proportion  of  one  part  by  weight  of  pulp 
to  two  parts  by  weight  of  water,  and  subjected  as  before  to  the 
chloroform  process.  When  elimination  of  their  extraneous  bacteria 
had  been  eflected,  part  of  the  chloroform  was  removed  from  the 
emulsions  and  these  were  placed  in  the  ice  chest  at  10"  C.  Immediately 
prior  to  the  issue  of  these  vaccines,  the  remainder  of  the  chloroform 
was  removed  and  glycerine  added  in  the  proportion  of  two  parts  by 
weight  of  glycerine  to  the  original  weight  of  vaccine  pulp.  These 
vaccines  were  later,  after  passing  the  requisite  tests,  issued  for  general 
vaccinating  purposes,  a  similar  interval  being  allowed  to  elapse 
between  their  collection  from  the  calf  and  subsequent  issue  as  is  usual 
at  these  laboratories  in  the  case  of  glycerinated  vaccine,  namely,  about 
6  weeks.  In  the  case  of  two  of  these  chloroformed  vaccines  an 
interval  of  2  months  elapsed  between  collection  and  issue. 

The  use  of  these  chloroformed  vaccines  has  been  attended  with 
results  showing  high  *'  case  "  and  "  insertion  "  success. 


Summary. 

Experience  of  the  further  use  of  the  chloroform  process  in  the 
preparation  of  a  large  number  of  vaccines  during  the  past  year 
confirms  the  conclusions  arrived  at  in  a  former  paper.*     And  mean- 
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while  important  additional  knowledge  has  been  gained,  namely,  tint 
chloroformed  calf  vaecinCj  if  originally  of  eiiffieiently  high  potency, 
will^  when  prepared  and  stored  under  suitable  conditions^  retain  for  « 
considerable  time  a  high  degree  of  potency,  and  this  notwithstanding 
that  the  extraneous  organ istfis  had  been  rapidly  eliminated  from  il  in 
an  early  stage  of  its  preparation. 


*' Further  Experiments  on  the  Production  of  Helitau  inm 
Eadium;*  By  Sir  William  Bamsav,  KX'.B.,  Rita,  mud 
Frederick  Sobdy,  M.A.     Received  April  14, — Bead  April  2S, 

1904. 

The  research,  of  which  a  preliminary  account  has  already  been  girea 
in  the  '  Proceedings,'  vol.  72,  pp,  206  and  208,  haii  lieen  continued  irith 
the  "vdew  of  ascertaining  the  volume  of  emanation  produced  in  a  given 
time  from  u  known  weight  of  r^wlium  in  the  form  of  bromide,  and 
also  the  quantity  of  helium  resulting  from  the  spontaneous  change  of 
the  emanation. 

Owing  to  the  minute  quantity  of  material  at  our  disposal,  the 
research  has  been  a  somewhat  tedious  one  ;  but  we  have  succeeded  in 
obtaining  fairly  concordant  measures  of  the  volume  of  both  emanation 
and  helium.  The  present  paper  gives  a  description  of  the  apparatus 
employed,  the  methods  of  experiment,  and  the  quantitative  relation 
between  radium  and  its  products. 

The  inactive  nature  of  the  emanation  from  thorium  was  the  suhject 
of  an  investigation  by  Kutherford  and  Soddy.*  They  concluded 
"  that  it  is  a  chemically  inert  gas  analogous  in  nature  to  the  nieml>ers 
of  the  argon  family."  And  they  contiime  :  "  The  speculation  naturally 
arises  whether  the  presence  of  helium  in  minerals  and  its  invariable 
association  ^^^th  uranium  and  thorium  may  not  be  connected  with  their 
radio-activity."  The  discovery  was  thus  the  subject  of  prediction. 
It  followed  an  attempt  to  obtain  the  spectrum  of  the  emanation. 
Thinking  that  the  spectrum,  if  l)rilliant,  might  ])e  observed  by  mixing 
the  emanation  with  a  gas  of  simple  spectrum,  the  first  experiments 
were  made  by  mixing  it  with  helium ;  Imt  it  soon  ]>ecame  evident  that 
the  helium  spectrum  overpowered  that  of  the  emanation  to  such  an 
extent  as  to  mask  it  entirely.  And  experiments  on  the  removal  of 
gases  not  belonging  to  the  argon  group  from  the  emanation  convinccil 
us  that  its  quantity  was  so  small  as  to  require  special  contrivances  in 
order  to  deal  \nth  it.  All  apparatus,  consequently,  was  constructed 
on  a  minute  scale  of  capillary  tubing,  less  than  half  a  millimetre  in 
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diameter.    Approximate  measurements  of  the  scale  of  the  apparatus 
in  centimetres  are  given  in  the  sketches. 

Fig.  1  gives  a  sketch  of  the  first  apparatus,  which  was  soon 
abandoned ;  suffice  it  to  say  that  an  attempt  was  made  to  accumulate 
the  emanation  in  A,  which  contained  a  ^lution  of  several  grammes 
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of  impure  chloride,  obtained  from  very  impure  carbonate,  and  to 
examine  its  spectrum  in  the  U-tube  B,  made  of  capillary  tubing,  with 
electrodes  of  platinum  as  shown.  The  spectrum  was  that  of  carbon 
monoxide  and  dioxide. 

Experiment  1. — A  brief  description  of  this  experiment  has  already 
been  given.*  Twenty  milligrammes  of  radium  bromide  was  dissolved 
by  admitting  water  boiled  in  vacuo  to  the  crystals  in  the  bulb  A 
(fig.  1),  which  had  previously  been  freed  from  air  with  the  pump. 
The  bromide,  as  a  letter  from  the  seller  informed  us,  had  been 
prepared  in  the  solid  state  about  2|  months.  The  evolved  electro- 
lytic gas  containing  the  emanation  was  collected  through  the  pump 
and  introduced  into  the  apparatus,  of  which  a  sketch  is  given  in  fig.  2. 
Before  this  was  done,  the  whole  apparatus  had  been  exhausted,  and 
washed  out  with  oxygen  several  times,  admitted  through   the  gas- 
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burette.     The  emanation,  too,  waa  collected  in  a  tube  if hich  hid 
used  for  oxygen,  the  object  l>cing  to  keep  nitrogen  out  of  the  tubes* 
and  so  to  avoid  its  apeutrum,  which  is  difficult  to  remove. 

l*he  gas,  of  which  there  was  about  half  a  cubic  can  time  tee,  v*? 
admitted  into  the  gas'burett«  through  the  inverted  siphou  A ;  tkt 
stop-cock  being  rever&edj  it  was  passed  slowly  into  the  t^ube  B,  which 
contained  a  spiral  of  thin,  |)artially  oxidiflcd  copper  irire,  and  whidi 
had  previously  been  exhausteti ;  during  the  introduction  of  the  gas  tlw 
copper  spiral  waa  kept  red-hot  by  a  current.     The  water  produced  was 


Fie.  2. 


absorbed  in  the  tu1)e  C,  which  contained  phosphorus  pentoxide. 
Mercury  was  then  admitted  into  B  and  C,  so  as  to  displace  the  gas 
through  the  stop-cock  D,  which  was  then  shut.  The  vacuum  tn]>e 
r  had  been  previously  glowed  out  until  phosphorescent.  This 
vacuum  tu1)e  is  represented  in  natural  size  in  fig.  3  ;  its  capacity  was 
about  one-third  of  that  of  the  U-tube  and  accessory  tubing.  The 
spectrum  of  carl)on  dioxide  was  alone  seen.  With  a  jar  and  s{>ark-gap 
interposed,  on  comparing  the  spectrum  with  the  jar  discharge  in  a 
similar  tube  containing  carbon  dioxide,  a  yellow  line  wivs  visible  in  the 
gas  from  radium,  and  also  a  bright  blue  line,  absent  in  the  spectrum 
of  the  pure  dioxide.     The  spectrum  of  helium  was  then  thrown   in 
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through  a  comparison  prism,  when  no  doubt  remained  that  the  yellow 
line  was  actually  D^.     By  cooling  the   U-tube,  the  emanation  and 
dioxide  were  condensed,  and  the  helium  spectmm  increased  greatly  in 
brilliancy.     After  half  an  hour  the  tube  was  sealed 
off.     The  position  of  the  D^  line  was  confirmed  to 
within  one-tenth  of  the  distance   between  the  two 
sodium  lines,  D^  and  D^. 

Experiment  2. — A  second  apparatus  similar  to  the 
last  was  made  of  entirely  fresh  glass,  so  as  to  exclude 
any  possibility  of  contamination  with  helium;  and 
the  observation  was  repeated  with  31*8  milligrammes 
of  radium  bromide,  kindly  lent  hy  Professer  Euther- 
ford,  which  had  been  kept  in  the  solid  state  at  least 
3  months.  The  apparatus  was  slightly  modified,  as 
shown  in  the  dotted  lines  in  fig.  2,  so  as  to  avoid 
taking  the  gas  through  the  pump.  As  before,  the 
whole  apparatus  was  washed  out  with  oxygen,  and 
the  copper  spiral  was  glowed  in  oxygen,  so  as  to 
oxidise  it  superficially,  and  so  render  it  able  to  deal 
with  the  excess  of  hydrogen,  as  well  as  with  the 
constituents  of  the  water  which  had  been  decom- 
posed. After  the  gas  had  been  admitted  by  opening 
the  stop-cocks  G  and  H,  the  copper  spiral  was  kept 
glowing  for  three-quarters  of  an  hour.  The  U-tube 
was  then  cooled  with  liquid  air,  and  tap  D  was 
opened.  D^  was  seen.  Mercury  was  admitted  to 
the  tubes  D  and  C,  and  the  vacuum-tube  was  sealed  off.  It  now 
showed  all  the  visible  helium  spectrum  except  the  faint  least  refran- 
gible red,  as  well  as  the  yellows,  green,  and  violet  of  mercury.  Two 
unidentified  lines  were  also  measured,  of  approximate  wave-length 
6145  and  5675,  the  former  faint  but  distinct,  the  latter  moderately 
bright.  The  vacuum  tube  did  not  glow  visibly  in  the  dark,  showing 
that  the  emanation  had  been  almost  completely  removed.  The  Utul)e 
was  next  placed  in  communication  with  the  pump,  still  surrounded 
with  liquid  air,  but  no  gas  could  be  extracted;  now  the  U  tube  had 
probably  two  or  three  times  the  capacity  of  the  vacuum  tube ;  and  at 
the  low  temperature  of  liquid  air,  almost  twenty  times  the  quantity  of 
hebum  must  have  remained  in  it.  It  shone  brilliantly  in  the  dark. 
The  passage  to  the  pump  was  then  closed,  and  the  liquid  air  removed. 
On  again  establishing  communication,  a  brilliant  phenomenon  was 
observed  in  the  dark;  the  glowing  emanation  passed  through  the 
capillary  somewhat  slowly,  rushed  along  the  wider  connecting  tubing 
was  delayed  in  passing  through  the  tightly  packed  phosphorus 
pentoxide,  and  finally  filled  the  barrel  of  the  Topler  pump.  On 
raising  the  reservoir,  the  gas  grew  more  luminous  as  its  volume  was 
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decreased,  and  on  lowering  it,  tbo  glowing  gas  appeared  to  lie  on  tins 
surface  of  the  mercury  for  a  fraction  of  a  second,  falling  with  the 
frilling  mercury ;  but  it  eoon  spread  through  the  whole  barrel  by 
di  fusion. 

The  bubble  of  gas  pumped  out  was  treated  with  a  drop  of  oiUfitk 
potash,  when  a  considerable  fraction  wag  absorbed.  By  next  d^j  ihi 
volume  of  the  bubble  had  increased. 

Inasmuch  as   all   samples   of   emanation   showed   the   speetnna  if 


carl)on-dioxide,  the  presence  of  which  was  believed  to  be  due  to  the 
oxidation  of  the  tap-grease,  an  apparatus  was  constructed  in  which 
the  use  of  taps  was,  as  much  as  possible,  avoided.  All  the  emanation 
from  about  GO  milligrammes  of  radium  bromide  was  introduced  into 
the  Imrette  A,  the  only  gas  present  being  oxygen.  From  the  burette 
it  passed  through  the  bulb  B,  which  contained  concentrated  potash 
solution  ;  it  then  passed  through  C,  which  was  charged  with  solid 
potash  and  was  deprived  of  moisture  by  contact  with  phosphorus 
pentoxide  in  1>.  The  level  of  the  mercury  in  the  trap  was  at  E,  so 
that  the  emanation  rciiched  the  spiral  G,  cooled  with  liquid  air ;  the 
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whole  of  the  emanation  was  washed  into  the  spiral  by  admission  of  a 
little  pure  oxygen  from  A  ;  on  exhaustion  with  the  pump  the  gas  was 
not  luminous,  showing  that  the  emanation  had  been  almost  completely 
retained  in  the  spiral.  Mercury  was  then  allowed  to  rise  in  the  trap 
until  the  bulb  F  was  filled ;  the  connection  to  the  pump  was  then 
sealed  at  H  and  the  spiral  allowed  to  warm  up.  The  emanation  in  the 
vacuum  tube  showed  a  bright  green  spectrum,  but  on  filling  the  spiral 
with  mercury  and  sealing  off  the  vacuum  tube,  the  spectrum  of  carbon 
dioxide  became  visible ;  D^  was  not  seen. 

Next  day  this  line  was  seen,  but  very  feeble  ;  its  strength  increased 
from  day  to  day,  and  in  5  days  the  yellow,  green,  and  two  blues  were 
visible  as  well  as  the  violet ;  their  identity  was  proved  by  means  of  a 
comparison  spectrum. 

Subsequent  experiments  were  made  in  which  the  heated  spiral  of 
copper  was  replaced  by  a  tube  containing  a  fragment  of  phosphorus ; 
the  emanation  was  washed  out  of  the  condensing  tube  by  a  few 
bubbles  of  oxygen.  The  bulb  of  potash  solution  was  retained,  but 
the  solid  potash  was  replaced  by  solid  barium  hydroxide.  This  plan 
was  not  so  effective  in  removing  carbon  dioxide,  yet  on  keeping  the 
tu])e  for  3  days,  and  condensing  the  carbon  dioxide  with  liquid  air, 
D^  was  easily  visible,  although  weakened  by  the  spectrum  of  carbon 
monoxide. 

On  two  subsequent  occasions  the  gases  evolved  from  both  solutions 
of  radium  bromide  were  mixed  after  4  days'  accumulation,  which 
amounted  to  about  2 '5  c.c.  in  each  case,  and  were  examined  in  a 
similar  way.  In  this  case  the  non-condensable  gases  alone  were 
examined,  the  emanation  being  retained.  Whereas  with  the  emana- 
tion almost  the  whole  can  be  introduced  into  the  vacuum  tube,  with 
permanent  gases  only  about  one-twentieth  part  is  available  for  the 
piu-pose  of  the  spectrum.  The  D'  line  of  helium  could  not  be 
detected. 

The  vacation  now  intervened,  and  the  bulbs  containing  the  dissolved 
radium  bromide  were  connected  with  a  mercury  reservoir  and  with  a 
gauge,  80  that  the  pressure  should  not  rise  and  burst  the  bulbs.  The 
gas  accumulated  during  60  days ;  its  composition  was  :  Hydrogen, 
19*48  c.c. ;  oxygen,  10-37  c.c. ;  nitrogen  1*02  c.c.  =  30-87  c.c. 

The  nitrogen  was  manifestly  derived  from  leakage ;  after  deducting 
one-fourth  of  its  volume  of  oxygen,  the  remaining  gas  has  practically 
the  composition  of  electrolytic  gas.  The  rate  of  accumulation  is  about 
^  c.c.  a  day. 

The  object  of  the  experiment,  of  which  an  account  will  now  be 
given,  was  to  form  an  estimate  of  the  amount  of  helium  produced  by 
comparing  the  intensity  of  its  spectrum  with  that  of  a  known  quantity 
of  helium  at  a  known  pressure. 

Experirnent  3. — This  gas  was  exploded  and  left  a  residue  of  nitrogen 
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it  was  then  mixed  with  a  large  excess  of  oxygerj,  and  sparlced  in 

presence  of  caustic  soda  for  some  hours  to  remove  nitrogen.  The 
oxygen  waa  next  withdrawn  by  means  of  phosphorus,  and  the  minute 
bubble  left  wae  mixed  with  a  bubble  of  oxygen,  in  order  to  wash  it 
into  the  apparatus  to  wliich  the  vacuum  tube  was  sealed.  As  alreiidy 
descriljed,  this  apparatus  did  not  differ  from  that  shown  in  fig*  2, 
except  for  the  fact  that  the  tube  contaiuiug  the  copper  spiral  was 
rephiced  by  one  containing  a  fragnjent  of  phosphorus^  in  order  to 
withdraw  the  oxygen.  The  phosphorus  ^>'as  warmed  and  withdrew 
the  oxygen.  The  gai  was  then  forced  by  means  of  mercury  through 
a  oooled  U-tube,  and  a  portion  reached  the  vacuum  tube.  On  fwiasing 
a  current  for  an  iugtant,  the  D^  line  was  plainly  seen^  but  nitrogen 
was  also  present  in  small  amoiuit.     The  tube  was  then  seahid  off. 

The  volume  of  the  speetrum  tulie,  inchiding  the  U-tube,  had  l>66n 
previously  estimated  by  filling  it  twenty  times  with  air  and  ptimpiiig 
out  each  time  ;  from  this  measurement  the  total  volume  was  fotmd 
to  be  0'310  cc.t  and  after  the  U-tube  had  been  sealed  off,  the  same 
process  wns  n-peated  with  tlie  U-tu^e  and  connections,  minus  the 
spectrum  tul)e.  The  volume  of  the  spectrum  tube  was  thus  found  to 
be  0-165  e.f. 

An  exactly  similar  spectrum  tube  made  of  the  same  glass  and 
having  the  same  length  was  attached  to  a  Imlb  tube,  from  which  it 
could  be  cut  off  by  turning  a  stop-cock  ;  the  bulb  tube  in  its  turn 
could  be  cut  off  fiom  the  pump  by  a  stop-cock.  The  capacity  of  the 
spectrum  tube  as  \vell  as  of  the  l)ulb  tul)e  was  known.  A  known 
amount  of  helium  was  uitroduced  into  the  l»ulb  tu1)e  and  the  spectrum 
tube  l)y  means  of  an  inverted  syphon  furnished  with  two  stop-cocks  ; 
the  volume  between  the  stop-cocks  was  0*02G8  c.c.  As  the  vohune 
of  the  spectrum  tube  and  connections  was  TGS  c.c,  and  that  of  the 
bulb  was  1-25  c.c.  when  the  gas  contained  in  the  spectrum  tul>e  was 
allowed  to  expand  into  the  evacuated  bulb  tube,  its  volume  was 
reduced  in  the  ratio  1-68  r*25 -h  r68.  or  0'57.  The  spectrum  tube 
containing  the  fraction  of  the  helinm  from  60  days'  accumulation  was 
placed  in  series  wuh  that  containing  helium,  so  that  the  same  current 
traversed  l)oth,  and  their  spectra  were  compared  as  regards  luminosity 
of  the  D^  line.  It  was  necessary  to  divide  the  contents  of  the  helium 
tube  seven  times  before  the  1)^  line  could  be  regarded  a«  of  com- 
parable intensity  in  both  spectrum  tubes.  Multiplying  this  ratio  by 
the  volume  of  the  helium  admitted  at  atmospheric  pressure  into  the 
apparatus,  the  volume  remaining  in  the  apparatus  after  rarefaction  is 
given  : 

(0-57)"  X  0-0268  =  0*000517  cc 

Now,  the  volume  of  the  helium  tube  and  connections  was  by  chance 
)ractically  ten  times  that  of  the  spectrum  tube  alone  (1-65  and  0-1G5), 
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Fig.  5. 


hence  the  spectrum  tube  contained  0000052  c.c,  or  0*052  cub.  mm. 
The  total  quantity  obtained  was  twice  this  amount,  or  0*1  cub.  mm. 

As  1  litre  of  helium  weighs  0*18  gramme,  for  its  density  is  twice 
that  of  hydrogen,  0*1  cub.  mm.  weighs  0*000018  milligramme.  This 
amount  is  the  product  of  50  milligrammes  of  radium  bromide  in 
60  days;  hence,  1  gramme  of  the  bromide  should  give  in  a  year 
0*0022  milligramme.  It  should  be  mentioned  that  the  spectrum  of 
argon  was  present,  and  it  may  have  seriously  interfered  with  this 
estimation.  The  helium,  too,  may  have  penetrated  and  been  retained 
in  the  glass. 

Experiment  4. — It  appeared  feasible  to 
attempt  to  measure  the  actual  volume  of 
the  emanation  in  a  fine  capillary  tube. 
Thinking  that  any  bought  capillary  tube 
would  be  too  wide,  we  drew  a  very 
narrow  one,  which  had  an  electrode 
sealed  into  its  end.  It  turned  out,  how- 
ever, to  be  very  irregular,  and  the  results 
as  regards  volume  are  not  very  trust- 
worthy. A  is  the  capillary  tube,  with  a 
platinum  electrode  of  very  fine  wire 
sealed  into  its  upper  end;  the  mixed 
hydrogen  and  oxygen  containing  the 
emanation  were  introduced  into  the  ex- 
plosion burette  F  through  the  inverted 
syphon  E ;  some  moist  caustic  potash 
had  been  melted  in  the  top  of  the  burette, 
so  as  to  remove  from  the  gases  any  pos- 
sible carbon  dioxide  which  might  have 
been  produced  by  the  flame  causing  an 
organic  dust  in  the  burette  to  burn.  After 
the  gases  had  been  exploded,  the  excess 
of  hydrogen,  together  with  the  emanation,  was  allowed  to  stand  for 
some  time  in  contact  with  the  caustic  potash.  The  upper  part  of  the 
apparatus  having  been  completely  evacuated,  the  connection  with 
the  pump  was  closed,  and  the  tube  leading  to  the  reservoir  of  the 
burette  was'  clipped ;  on  making  communication  by  turning  the  tap 
of  the  burette,  the  hydrogen  and  the  emanation  entered  the  apparatus. 
Liquid  air  was  then  poured  into  the  tube  C,  so  as  to  cool  the  bulb  B, 
where  the  emanation  condensed.  After  raising  and  lowering  the 
reservoir  of  the  burette  several  times,  in  order  to  convey  the  emana- 
tion into  the  bulb  B,  the  tap  of  the  burette  was  closed,  and  that 
leading  to  the  pump  opened.  Again  opening  cautiously  the  tap  of 
the  burette,  the  mercury  was  allowed  to  rise,  passing  through  the 
tube  D  containing  phosphorus  pentoxide  as  far  as  G ;  the  evacuation 
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was  then  completed  until  not  a  trace  of  a  bubble  pasaed  through  the 
pump*  The  tap  leading  to  the  pump  was  closed,  and  that  of  the 
burette  opened,  until  the  mercury  had  risen  to  near  the  bulb  B, 
On  darkening  the  room  the  bnlb  B  was  lirilliantiy  luniinoua ;  indeed, 
it  was  possible  to  read  a  watch  by  ita  light.  The  liquid  air  was 
allowed  to  evaporate  away,  and  the  reservoir  of  the  burette  lowered 
and  it3  lap  opened  ;  by  gently  raising  the  reservoir  the  emanatioo 
was  all  collected  in  the  capillary  tube  A,  The  volume  of  the  eoiana* 
tion  was  read  from  day  to  day  by  help  of  a  reading  telescope.  It 
contracted  regularly  ■  the  tube  was  coloured  deep  purple  after  some 
days,  and  this  made  reading  difficult,  but  by  a  l>rilliant  ilhiminatioc 
behind  the  rise  of  the  mercury  could  lie  followed.  No  attBmpt  wjia 
made  to  pass  a  discharge  for  28  days ;  after  that  lapse  of  time  the 
emanation  had  contracted  to  a  volume  occupying  only  O-l  of  a 
millimetre  of  the  capillary  tube  at  a  pressure  of  about  50  mm.,  yet 
it  maintained  its  brillianey  till  the  very  last  ^  only  the  length  of  tube 
illuminated  grew  shorter  and  shorter.  On  freezing  out  the  mercupy 
vapour  by  cooling  the  bulb  B  with  liquid  air,  the  helium  spectriun  wsis 
visible,  and  at  the  same  time  the  effect  of  passing  the  discharge  was 
to  reproduce  gas  in  the  capillary  tube. 

After  the  conclusion  of  the  experiment,  the  tip  of  the  tube  was  cut 
off  immediately  l)elow  the  platimiin  wire,  and  the  capillary  depression 
was  measured  at  different  levels.  The  capillary  tube  was  then  cut  off, 
and  the  volume  determined  by  weighing  with  mercury ;  it  was  then 
calibrated  l)y  a  shifting  thread  of  merciu-y,  under  a  reading  microscope. 
The  final  results  were  : — 

Time.                              A^olume.  Time.                              Volume. 

Start      0*124  cub.  mm.  7  days    0  •  0050  cub.  mm. 

1  dav     0-027        „  9     ,",      0*0041 

3daVs  0-011         „  11     „      0-0020 

4     /      0-0095      „  12     „      0-0011 

6     „      0-0063      „  4  weeks     ...  0*0004 

The  comparatively  large  volume  at  the  start  is  very  remarkable  ;  we 
can  only  record  it,  it  may  possibly  have  been  due  to  the  mercury 
sticking  in  the  capillary  tube,  which  was  narrower  below. 

E.rpf'i'imcnt  5. — The  former  experiment  was  repeiited,  this  time  with 
a  regular  capillary  tube,  of  which  the  volume  per  centimetre  was 
0-24  cub.  mm.  It  was  regular  in  bore,  and  the  depression  due  to 
capillarity  was  56-2  mm.  of  mercury.  It  was  heated,  as  well  as  the 
bulb  in  which  the  emanation  was  to  be  condensed,  to  incipient  redness 
during  evacuation.  The  emanation  was  introduced,  the  accompam^ing 
hydrogen  pumped  off,  and  the  liquid  air  jacket  removed.  The  volume 
of  the  emanation  was  read  at  once,  at  different  pressures.  The  follow- 
ing table  gives  the  lengths  of  the  capillary  tube,  the  corresponding 
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volumes,  the  pressures  corrected  for  capillarity,  and  the  products  of 
volume  into  pressure : — 


BDgtll  of 

Volume  in 

Pree«ure  in 

Volume  X 

tube. 

cub.  mm. 

mm. 

pressure. 

6-80 

0-163 

132-4 

21-6 

2-30 

0  0552 

333-4 

18-4 

1-55 

0  0372 

518-1 

19-3 

1-20 

0-0288 

644-8 

18-6 

0-95 

0-0228 

765-8 

17-5 

2-55 

0-0612 

309-2 

18-9 

1-90 

0-372 

55-3 

.20-6 

The  mean  value  of  the  product  is  19-3,  and  the  volume  at  normal 
pressure  0*0254  c.mm.  The  same  afternoon,  numerous  readings 
were  taken,  and  it  was  found  that  the  sticking  of  the  mercury 
in  the  capillary  tube  made  it  difficult  to  ascertain  the  true  volume. 
As  the  pressure,  however,  was  first  raised,  and  then  lowered,  the  mean 
cannot  be  far  from  the  truth.  Now,  a  most  remarkable  circumstance 
must  be  chronicled.  Whereas  the  emanation  in  the  previous 
experiment  contracted  during  its  whole  life,  in  this  experiment  a 
regular  expansion  was  observed,  rapid  at  first,  and  slowly  falling  off 
from  day  to  day.  Between  5  minutes  past  1  o'clock  and  7  o'clock,  the 
pressure  being  kept  constant  at  55*3  mm.,  the  value  of  P.V.  increased 
from  20-6  to  48-4.  This  was  on  January  20th.  On  the  21st,  the 
P.V.  had  increased  to  71-2,  and  remained  fairly  constant  all  day,  and 
three  small  bubbles  appeared  in  the  thread  of  mercury,  below  the  level 
of  the  emanation.  On  the  22nd,  the  value  of  P.V.  had  diminishes  to 
565,  and  the  volume  of  the  bubbles  had  increased  to  2-7  mm.  length 
in  the  tube.  On  the  23rd,  the  emanation  occupied  practically  the  same 
volume,  but  the  length  of  the  bubbles  had  increased  to  4-1  mm.  The 
presence  of  these  bubbles  made  it  impossible  to  obtain  correct  readings, 
for  the  "  sticktion  "  of  the  mercury  was  much  increased.  On  the  25th, 
P.V.  had  further  diminished  to  51*2  and  the  length  occupied  by  bubbles 
had  increased  to  5-5  mm.  On  February  3rd,  the  bubbles  were  united 
with  the  emanation;  the  value  of  P.V.  was  132*5  and  the  volume  of 
the  gas  under  normal  pressure,  0*174  cub.  mm.  On  the  9th,  the 
P.V.  had  increased  to  166,  and  the  volume  at  normal  pressure  to 
0*224  cub.  mm.  Lastly,  the  volume  of  the  gas  was  measured  on  the 
12th  at  atmospheric  pressure;  it  amounted  to  0*262  cub.  mm.  The 
level  of  the  mercury  was  then  lowered,  and  the  gas  pumped  out,  it 
showed  a  brilliant  spectrum  of  helium.  The  tube  was  then  heated,  and  the 
volume  of  the  absorbed  gas  was  0*103  cub.  mm.  at  atmospheric  pressure ; 
it,  too,  showed  the  helium  spectrum,  but  the  tube  punctured  before 
this  could  be  confirmed. 

These  results  are  somewhat  inexplicable  in  the  light  of  the  former 
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experiment.  More  stringent  proeautiona  had  been  tak^&n  to  fre^  the 
capillary  tube  from  gag  in  the  socoikI  experiment  than  in  the  firec,  and 
yet  bubbles  appeared  lielow  the  surface  of  the  mercury.  It  may  be 
that  oviing  to  the  quality  of  the  glass  of  which  the  first  tube  was  r.iMi% 
the  helium  found  means  to  enter  into  its  substance  more  eai&iiy  than  | 
into  that  of  the  second.  But  at  any  rate,  the  volume  produced  is  of  | 
the  same  order,  i%s  the  following  considerations  will  show. 

On  the  view  that  the  emanation  results  from  a  definite  fraction  of 
the  radium  disintegrating  per  second,  this  fraction  can  be  calculated 
from  the  volume  of  the  emanation,  and  the  time  of  accumulation.  The 
emanation  accumulates  until  the  rate  of  productioti  ig  balanced  by  ths 
rate  of  disappearance,  and  then  the  quantity  remain b  constants  Let  I 
Q^  be  the  equilibrium  quantity,  and  Q^  the  quantity  present  after 
time  t 

where  t  is  expressed  in  secondsi  and  X  is  a  constant  representing  the 
pfoportion  of  the  emnnation  chanpng  per  Recond.  and  equnU  1  463.000  * 
The  radium  bromide  employed  weighed  about  60  milligrammes. 
Assuming  that  the  compound  contained  about  half  its  weight  of  the 
element  (radium,  225;  bromine  4-  2HoO,  196),  the  quantity  of  radium 
may  be  taken  as  about  0*03  gramme.  In  the  first  experiment,  the 
time  of  accumulation  t  was  8  days  =  691,200  seconds;  Q^  therefore 
equals  0*775  Q^.  The  volume  taken  (0*027  cub.  mm.)  in  the  first 
experiment  was  that  at  the  end  of  the  first  day,  and  a  correction  must 
be  applied  to  allow  for  the  amount  that  had  changed  in  this  interval 
The^  quantity  remaining  after  the  lapse  of  1  day  is  0*83  of  the  I 
initial  quantity.     The  volume,  0*027  cub.  mm.,  is  therefore 

0-83x0*775  Q^  =  0*643  Q^. 

The  average  life  of  the  particle  in  a  system  in  which  a  constant 
fraction  X  of  the  nunil>er  of  particles  changes  per  second  can  l»e  shown 
to  be  1;X.  The  equilibrium  quantity,  Q^,  is  the  quantity  produced 
in  the  j.eriod  of  aveiage  life  of  the  atom  of  the  emanation,  or 
Qx)  ^  QtJ  '^  ""  463,000  Q^,  whe!'e  Qo  is  the  quantity  produced  per 
second.  And  0643  Q^  =  297,830  Qo.  The  volume  of  Q^  is  thu3 
0*027/297,830  =  0*9  x  10-'  cub.  mm.  This  is  in  the  c;ise  of  0*03 
gramme  of  radium ;  1  gramme  of  radium,  therefore,  produces 
3  X  10~'''  cub.  mm.  of  eman;ition  per  second. 

Since  the  emanation  reseml)les  the  gases  of  the  argon  family  in 
chemical  ineitncss,  its  molecule  is  probably  monatomic,  and  its  atomic 
weight  must  1)0  twice  its  density  in  terms  of  hydrogen  as  unity.  The 
density  is  r.ot  accuiately  known ;  but  ditiusion  experiments  indicate  a 
value  of  about  80.     The  atomic  weight  being  therefore  in  the  neigh- 

*  Rutherford  and  Soddj,  '  Phil.  Mag.,'  1903,  6,  toI.  5,  pp.  445  and  576. 
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bourhood  of  160,  not  more  than  one  atom  of  emanation  can  be 
produced  from  one  atom  of  radium.  To  determine  the  ratio  between 
the  quantity  of  emanation  and  the  quantity  of  radium  producing  it, 
it  is  necessary  to  know  the  volume  that  would  be  occupied  by  the 
radium  in  the  form  of  monatomic  gas.  This  is  for  1  gramme  of 
radium  (2  x  1 1'2)/225  =  0*1  litre  =  10^  cub.  mm.  One  gramme  of  radium 
produces  3  x  10~®  cub.  mm.  of  emanation  per  second,  and  if  one  atom 
of  radium  produces  one  atom  of  emanation,  then  X,  the  proportion  of 
the  radium  changing  per  second,  is  3  x  10"^^  The  proportion  changing 
per  year  is  9*5  x  10-* ;  thus  slightly  less  than  one-thousandth  part 
changes  per  year.  The  average  life  of  the  radium  atom  is 
1/A  =  3-3  X  10i<>  seconds  =  1050  years. 

In  the  second  experiment,  the  emanation  was  accumulated 
6  days,  and  measured  0*0254  cub.  mm.     In  this  case, 

Qt  =  0-674  Q^  =  312,060  Qo, 

and  Q;  =  0-81  x  lO'^cub.  mm. ;  X  =  2*4  x  10-",and  1/X  =  1250  years. 
The  mean  of  the  two  experiments,  therefore,  gives  for  1  gramme  of 
radium  (element)  Qo  =  2*85  x  10-^  cub.  mm. ;  Q^  =  1*3  cub.  mm., 
X  =  2-85  X  10-11,  and  1/X  =  1150  years. 

Rutherford  and  Barnes*  have  shown  that  75  per  cent,  of  the  total 
heat-evolution  of  radium  which  has  reached  its  equilibrium  state  is 
derived  from  the  emanation  and  its  subsequent  products  of  change. 
Since  1  gramme  of  radium  evolves  100  calories  per  hour  (Curie), 
1*3  cub.  mm.  of  emanation  emit  75  calories  per  hour.  The  total 
quantity  of  heat  H  emitted  during  the  complete  change  is  given  by 
multiplying  h  the  emission  per  second,  by  the  average  life  of  the 
emanation  in  seconds,  thus  giving  H  =  hjX  =  9,646  calories. 
One  c.c.  of  emanation  would  therefore  emit  7*4  x  10^  calories 
during  its  complete  change.  A  cubic  centimetre  of  hydrogen  and  oxygen 
in  the  proportion  required  to  form  water  evolve  2*04  calories  on 
-explosion,  or  a  quantity  3,600,000  times  less  than  is  emitted  by  an 
«qual  volume  of  the  radium  emanation.  If  the  density  of  the  emana- 
tion is  assumed  to  be  100,  the  ratio  of  the  energies  emitted  by  equal 
weights  of  emanation  and  of  water  is  216,000  to  1. 

The  total  quantity  of  energy  evolved  during  the  change  of  1  gramme 
•of  radium  is  given  by  multiplying  the  energy  emission  per  second  by 
the  average  life  of  the  radium  atom  in  seconds,  and  is  10*  calories. 
The  energy  evolved  in  the  formation  of  1  gramme  of  water  is 
-3*8  X  10^  calories  ;  hence  the  ratio  is  again  about  250,000  to  1. 

The  volume  of  Q^ ,  the  equilibrium  quantity  of  emanation  produced 
by  1  gramme  of  radium,  was  theoretically  calculated  by  Rutherfordt 
from  the  energy  emitted  by  radium  per  second,  and  the  energy  of 

•  *  Phil.  Mag.,'  1904,  6,  vol.  7,  p.  202. 
t  *  Nature,'  August  20,  1903. 
VOL.  LXXIII.  *1  ^ 
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the  cx*particlef  as  calculated  from  ita  mass  and  its  velo(rity.  By  ]na)ck^ 
certaui  aBaumptioni  about  to  he  conswlered,  he  deduced  that  Q^  mart 
lie  l>etween  0*6  atid  0  06  ciib.  mm*  The  maximum  estimate,  which  if 
almost  e3ta<^t]y  one-half  the  experimental  value  found  by  us^  wa^  \Mitd 
on  the  as&uniption  that  the  whole^  and  the  minimum  eetimata  on  Uia 
assumption  that  only  one-tenth^  of  the  energy  of  diiintegration  is  ixmm^ 
fested  in  the  kinetic  energy  of  the  oi-particle  expelled.  It  wslb  f unkr 
assumed  that  only  one  cx-partide  was  expelled  from  each  atoni^  at  eac^ 
disintegration  accompanied  by  a-radiation  that  is  known  to  occur.  H 
more  than  one  tx^particle  is  expelled  at  each  disintegration,  the  theo- 
retical eatimate  must  be  correspondingly  reduced.  Since  the  experi- 
mental value  exceeds  the  maximum  theoretical  estimate,  it  follows  tlist 
there  are  now  direct  experimental  reiisons  for  believing  that- — 

(1)  Only  one  ci-particle  is  expelled  from  the  atom  at  each  dLf- 
integration, 

(2)  The  greater  part  of  the  energy  of  disintegration  appears  in  ih 
form  of  kinetic  energy  of  ae-radiation,  *  i 

(3)  The  emanation  is  a  monatonuc  gas* 

It  must  be  remembered  that  the  experimental  value  is  necessarily  s 
maximum  value ;  for  if  any  impurity  were  present  with  the  emanation^ 
it  would  increase  the  volume  measured. 
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"  Corrigenda  in  Mr.  W.  Shanks's  Tables  '  On  the  Number  of 
Figures  in  the  Eeciprocal  of  a  Prime/ "  By  lieut.-Colonel 
Allan  Cunningham,  RR,  Fellow  of  King's  College,  London. 
Communicated  by  the  Secretaries. 

This  paper  contains  the  result  of  an  examination  of  the  late  Mr.  W. 
Shanks's  MS.  Tables,  with  above  title,  now  deposited*  with  the  Boyal 
Society.  These  tables  have  been  collated^  with  the  following  printed 
tables, — 

1.  '  Periodisohe  Deximalbriicfae/  by  H.  Bork,  Berlin,  1895.  The  Appendir 
(pp.  86—41)  contains  a  Table  (computed  by  Dr.  F.  Kessler)  giring  the  Retidue^ 
Index  {q)^  i.e.,  the  maximum  divisor  yielding  10  (p-^)"'- 9  E  +  1  (mod.  j?)  for  every 
prime  (p)  :J>  100,000,  for  whi-h  q  >  2. 

2.  "  Periode  dee  Dezimalbruches  fiir  l/p  vio  p  eine  Frimsahl,"  by  H.  Hertzer;. 
printed  in  Grunert's  *  Archiv  der  Math,  und  Phys.,*  vol.  2,  1902,  p.  249.  The 
Table  (pp.  249 — 251)  is  a  continuation  of  the  preceding  Table  for  primes  up  to 
jP  >>  112,400,  and  is  arranged  in  the  same  manner. 

Shanks's  MS.  Tables  give  the  period-length  (say  ^)  of  l/p  for  all 
primes  from  30,000  to  120,000.  The  collation  was  effected  by  simply 
multiplying  Shanks's  value  of  f  by  Kessler's  or  Hertzer's  value  of  q;. 
the  product  of  ^  should  =  (^-  1)  in  every  case.  The  collation  was,, 
of  course,  only  possible  for  such  primes  as  have  q>  2  (being  the  only 
ones  shown  by  Kessler  and  Hertzer),  thus  excluding  about  two-thirds 
of  the  total  number  of  primes ;  the  ^,  q  of  these  excluded  primes  are^ 
however,  easily  computed  when  required. 

By  this  collation  a  number  of  discrepancies  (102  in  all)  were 
discovered  between  Shanks's  MS.  and  the  printed  German  tables. 
The  values  of  f  have  in  all  these  cases  been  re-computed,^  with  the 
result  of  detecting  errata,  as  follows  : — 

Shanks   jo  missing  5;  ^  wrong  66;  total  71^ 

Kessler  p  missing  8  ;  q  wrong  20;  total  28  I  Total  102. 

Hertzer p  missing  1  ;  q  wrong  2  ;     total    3  J 

•  Part  of  the  MS.,  viz.,  for  primes  from  30,000  to  60,000,  is  bound  up  with  a 
small  volume  marked  Constants  and  Primes  (with  the  Press-mark  103  <£  15),  and 
the   rest,  viz.,  for  ijrimes  from  60,000  to  120,000,  is  bound  up  with  the  '  Royal 
Society  Archives,'  vols.  60,  61.     Mr.  Shanks's  MSS.  bear  dates  as  follows  :— 
For  primes  30,000  to  60,000,  dated  1875. 
For  primes  60,000  to  75,000,  dated  1876. 
For  primes  75,000  to  110,000,  dated  1877. 
For  primes  110,000  to  120,000,  dated  1880. 
t  By  the  writer  of  this  paper,  with  the  help  of  an  assistant  (Miss  E.  Cooper),. 
by  permission  of  the  Council  of  the  Royal  Society. 

X  By  the  writer  himself,  and  verified  in  part  by  Miss  E.  Cooper. 
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The  table  following  gires  the  Corrigenda  on  HhanWs  MS,  Tliia  liss 
is  probably  far  from  complete ;  there  is  reason  to  suspect  a  good  mADT 
errors  in  Shanks's  MS*  among  those  primes  for  which  q  >  2,  bot,  m 
the  table  haa  not  been  published,  it  did  not  seem  worth  while  examinmg 
these* 


Corrigenda  m  Shank^s  MS.  Tabk  III  [primes  from  30,000  /o  llS,IO0l 

Insert  fire  pnmes  (pj  mUting  in  MS. :  33797,  5^369,  ^IIl,  95060,  104333L 
Correct  the  period- lengths  (f)  opposite  the  prtmeA  (p)  m»  fcwUn 


p- 

t 

1       P- 

1. 

P^ 

i 

f- 

P- 

1, 

3a,797 

S,4t«) 

66,011 

21,670 

86,143 

i,7sa 

103,813 

17^ 

M,87l 

1,585 

70,001 

3&,000 

B6323 

14,8^ 

154,381 

lOi^SH 

43,773 

^9 

70,867 

3,937 

ffT.m 

43«0    , 

I0*.3a3 

zm 

43J53 

1*,581 

70,9ai 

8,546 

67,lfil 

2,075 

104,7u7 

iXlfil 

44,893 

22,446 

,    71,831 

4,788 

1      87,517 

21,879 

105,367 

3M2i' 

46,153 

15,334 

'    73.5S9 

67 

87,697 

29,232 

105,613 

36,409 

46,ti49 

e&6 

72,6ai 

24,220 

88,003 

14,667 

105,929 

2S,4S2 

47,093 

23.546 

72,871 

1,736 

8?,689 

22,423 

106,U3! 

2  am 

47,711 

1,835 

72,901 

8,100 

92,107 

6,579 

1    106,921 

2,430 

63,857 

17,953 

73,351 

7.335 

93,319 

15,553 

107,647 

I5,rs 

55,021 

i^nm 

74,413 

37,20.; 

94,111 

9,411 

I07,ts;i7 

BK9^j^ 

55,<JH1 

9,2^T 

7UiM7 

214 

95.089 

23,772 

109,441 

B.m 

55.933 

27,9m 

7^.079 

3.003 

95.791 

15,9<15     ' 

i     110.051 

22M0 ' 

57,457 

2,12H 

79.111 

T.i^ll 

9li,60l 

4,830 

110,917 

mm , 

57,493 

11,373 

yo,347 

i:i,31>l 

9G,911 

4,405 

110,969 

27.74i 

58,031 

1,145 

82,021 

lf^,404 

[18.893 

24.723     , 

111,149 

lis 

59,369 

14,81:; 

85,411 

17,083 

101. U51 

2,150     1 

112,249 

umi. 

61,007 

1,034 

85,447 

l.Wl^* 

102,793 

34,204 
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I  Research  into  the  Heat  Eegulation  of  the  Body  by  an 
Investigation  of  Death  TeYnperatures.*'  By  Edred  M.  Corner, 
M.A.,  M.B,  B.C.  (Cantab.),  F.RC.S.,  B.Sc.  (Lond.),  Surgeon 
to  Out-patients,  St.  Thomas's  Hospital,  and  Assistant-Surgeon 
to  the  Hospital  for  Sick  Children,  Great  Ormond  Street, 
Erasmus  Wilson  Lecturer,  Eoyal  College  of  Surgeons,  and 
James  E.  H.  Sawyer,  M.A.,  M.D.  (Oxon.),  M.RC.P.,  Honorary 
Anaesthetist  to  the  Ear  and  Throat  Hospital,  Birmingham, 
lately  House  Physician  to  St.  Thomas's  Hospital.  Communi- 
cated by  Professor  J.  N.  Langley,  F.RS.  Eeceived  April  4, 
— Eead  May  5,  1904. 

The  fact  has  long  been  known  that,  in  many  forms  of  disease, 
nations  of  the  bodily  temperature  occur  as  death  approaches.  Our 
owledge  of  such  variations  is  limited  to  certain  apparently  sporadic 
ses.  Hitherto,  no  attempt  has  been  made  to  ascertain  the  special 
iss  of  disease  in  which  such  deviations  occur  most  frequently,  nor 
s  the  subject  been  examined  in  a  scientific  light,  so  as  to  bring  these 
ath  temperatures  in  Hne  with  the  present  knowledge  of  the  mode  of 
eduction  of  pyrexia.  It  is  towards  this  latter  object  that  this 
juiry  has  been  directed.  Further  encouragement  to  bring  forward 
is  new  source  of  knowledge  is  given  by  Sir  John  Burden  Sanderson, 
lo  says  **  the  subject  (of  pyrexia)  is  one  in  respect  of  which  results 
valuable  can  be  obtained  by  clinical  investigation  as  by  experi- 
snts  on  animals."* 

This  communication  has  been  divided  into  two  parts.  In  the  first 
rt,  a  general  account  is  given  of  the  bodily  temperature  immediately 
seeding  death,  and  of  the  variations  which  are  seen  in  these  thermo- 
jtric  records.  A  series  of  problems  are  shown,  in  order  to  ascertain, 
I  ere  possible,  the  different  factors  which  may  influence  the  variations 
the  death  temperatures.  The  figures  quoted  are,  in  all  cases,  the 
solute  minimum,  as  numbers  of  these  cases  have  to  be  rejected  for 
.uy  reasons ;  for  example,  those  in  which  tepid  sponging  has  been 
ployed,  and  others  where  the  records  are  incomplete.  In  the 
*ond  part,  an  attempt  is  made  to  ascertain  the  possible  influences 
lich  may  cause  such  variations  in  the  bodily  temperature,  and  to 
plain,  from  a  study  of  these  changes,  the  mechanism  by  which  the 
nperature  of  the  body  is  regulated  in  health,  and  the  reasons  for 
lich  deviations  from  the  normal  occur  in  disease. 

Part  I. 

As  the  fatal  result  approaches,  the  curve  on  the  temperature  chart 
ly  exhibit  several  changes.     In  49  per  cent,  of  surgical,  and  in 
*  Clifford  Allbutt,  *  System  of  Medicine,'  vol.  1,  i^.  1^2. 
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19  per  cent,   of   medical   ciiaea,    n   definite   change   of    over    1*'5   F.  | 
occurs  during  the  12  hours  immediately  preceding  death,      Th^e  ' 
figures  are  the  absohite  minim  tun  for  about  2500  consecutive  rase* ' 
which  have  been  collected  from  the  recorda  of  St.  Thomas's  Hoepiul.  | 
In  instancas  where  no  such  sudden  change  occurfl,  th©  temperature  i 
may  remain  about  the  same  level,  but  the  more  usual  procedure  u  for 
it  to  slowly  and  ste^idily  fall.     On  the  other  hand,  it  is  not  eonunon 
for  the  bodily  temperature  to  rise  slowly,   for,   when   an    elevation  , 
occurs  at  all,  the  change  is  generally  a  sudden  one.     The  character  of 
the  temperature  charts  as  death  approaches  is  naturally  affected  by  th« 
types  of  fever  from  which   the   patients  may  be  siifteringj  such  m 
remittent,  intennittent,  etc*     The  influence  of  these  fevers  cannot  he 
eliminated,  and  it  is  an  interesting  point  that  such  eases  frequently 
show  a  very  decided  variation  in  the  character  of   the  temperature 
near  the  fatal  termination.     The  performance  of  tepid  sponging,  or  tJie 
eichibition  of  antipyretic  drugs^  just  before  the  death  of  the  patient, 
renHers  the  chart  valueless  for  this  research.     For  these,  and  similaj 
reasons,    many    variations    of     temperature    have    been    necessarily 
neglected. 

There  are  other  changes  in  the  temperature  charts  which  have  to  be 
considered  in  these  investigations.  Sometimes,  about  24  hours  before 
death,  the  temperature  falls  suddenly,  anything  from  1 — 5^  F.,  and 
then  rises  rapidly,  and  at  this  point  death  may  occur.  On  the  other 
hand,  the  fatal  result  may  be  postponed,  and,  after  the  temperature 
has  reached  its  maximum,  defervescence  may  begin  again.  Such 
fluctuations  as  these  are  more  commonly  found  among  surgical  than 
among  medical  cases.  The  following  is  a  good  example  of  these 
changes  : — a  bal)y  girl,  aged  7  weeks,  was  severely  burnt,  and  died  on 
the  fifth  day ;  the  temperature  during  the  last  36  hours  of  life  repre- 
sented these  variations ;  it  fell  4'"3,  rose  6^*4,  falling  again  4  '2. 
Again,  in  a  woman,  aged  28  years,  who  suffered  from  general 
peritonitis  and  appendicitis,  there  was  a  fall  of  4°  in  the  temperature, 
followed  by  a  rise  of  8°,  when  death  occurred.  These  early  de\^ations 
of  the  temperature  begin  about  24  hours  l)efore  the  death  of  the 
patient,  and  may  exaggerate  either  the  death  rise  or  the  death  fall,  or 
may  mask  them  altogether. 

Of  the  2500  cases  which  were  examined,  1305  were  medical  cases, 
the  remainder,  1195,  being  surgical.  Changes  in  the  bodily  tem- 
perature of  over  l'-5,  occurring  during  the  last  12  hours  of  life,  were 
found  in  34  per  cent,  of  all  the  records  examined ;  in  49  per  cent,  of 
surgical,  and  in  only  19  per  cent,  of  medical  cases.  On  account  of 
this  great  difference  of  30  per  cent.,  the  two  lists  of  cases  have  been 
kept  separate,  although  in  many  instances  they  overlap.  The  explana- 
tion of  the  difference  which  is  found  between  the  medical  and  surgical 
cases  has  to  be  sought  for  iu  the  other  particulars. 
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Of  the  variations  found  among  the  fatal  medical  cases,  75  per  cent, 
were  rises  of  temperature  and  25  per  cent,  falls.  For  the  surgical 
cases,  the  corresponding  percentages  were  73  and  27 ;  the  two  classes 
agreeing  very  closely.  Elevations  of  temperature  occurred  in  26  per 
cent.,  and  falls  in  8  per  cent.,  of  all  the  cases  examined. 

The  relative  proportions  of  male  to  female  deaths  were  also  investi- 
gated, and  the  following  figures  were  obtained  : — 

Medical  Cases. 

Proportion  of  male  to  female  deaths  during 

the  same  period    1 '75  male  to  1  female. 

Ditto,  showing  death  rise  of  temperature 1*57       „       1      „ 

Ditto,  showing  death  fall  of  temperature 1*45       „        1      „ 

Surgical  Cases. 

Proportion  of  male  to  female  deaths  during 

the  same  period    1*63  male  to  1  female. 

Ditto,  showing  death  rise  of  temperatiu'e 1*75       „       1      „ 

Ditto,  showing  death  fall  of  temperature 1*39       „       1      „ 

The  following  deductions  may  be  made  from  these  figures,  indicating 
lines  along  which  an  explanation  of  the  phenomenon  may  be  sought. 
In  surgical  cases  males  are  more  apt  to  show  a  death  rise ;  females, 
on  the  other  hand,  show  a  marked  tendency  to  death  falls.  In  medical 
cases  the  difference  is  not  so  marked,  but  female  patients  are  relatively 
more  liable  to  death  variations  of  temperature  than  are  male.  A  fall 
of  temperature  in  both  medical  and  siu'gical  cases  is  more  common  in 
females  than  in  males. 

There  is  one  point  on  which  medical  and  surgical  cases  di£fer  from 
each  other,  and  that  is,  that  in  the  latter  deaths  due  to  injiu'y  are 
included.  As  to  the  actual  cause  of  death  in  disease  and  in  injury  the 
difference  is  not  so  great,  but,  as  will  be  seen  in  the  following  table, 
the  death  temperatures  vary  considerably  in  one  important  point  in 
the  two  classes.     Only  the  surgical  cases  are  here  considered : — 

Proportion  of    deaths    due   to   disease  and 

injury 1*88  disease  to  1  injury. 

Ditto,  showing  death  rise 1*84         „         1      „ 

Ditto,  showing  death  fall 3*29         „         1      „ 

These  figures  show  that  rises  in  the  bodily  temperature,  just  before 
death  occurs,  are  foimd  to  be  present  in  fairly  equal  proportion  in 
patients  dying  from  disease  and  from  injury.  Falls  of  temperature, 
however,  are  very  much  more  common  in  patients  suffering  from 
disease.  The  following  table  shows  the  same  proportions  in  per- 
centages : — 
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Bi«e&&e. 

iDJtIiy. 

Proportion  of  deAth  changes  to  toUl ... 

51*7  per  cent. 

460  per  tmt 

„                  t,        rises            „ 

30-5 

37-3       „ 

n                       n          tails                ,j 

15'2        „ 

S7        ,, 

From  this  table  it  won  Id  appear  that  changes  of  temperature,  as 
death  apfiroaches,  occur  less  frequently  in  injuries  than  in  disease,  and 
that  this  diiference  is  due  to  the  comparative  rarity  of  ilenth  faUs  m 
the  former.  The  rises  of  temperature  are  present  in  equal  propartioa 
in  the  two  classes  of  cases. 

In  the  following  charts  an  attempt  is  made  to  show  the  amount  eihJ 
frequency  of  the  various  deviations  of  temperature : — 


CHART  I. 


CHART  g. 


Jt^o  0f  i  Medicai  h  SurgiceJ  Rises  of  Tetnperatajrd    }f^^  ftad itaJ  ^Surgical  fil Is  of  Tame , 


The  following  conclusions  may  be  drawn  from  Charts  1  and  2  : — 

1.  That  death  rises  of  temperature  are  naturally  larger  than  death 
falls. 

2.  That  small  variations  of  temperature  aie  more  common  than 
large. 

3.  That  death  rises  are  comparatively  rare  over  5° ;  more  so  over  6°. 

4.  That  death  falls  are  comparatively  rare  over  4° ;  more  so  over  5'. 

5.  That  the  variations  of  temperature  in  the  medical  and  surgical 
cases  agree  fairly  well,  although  death  rises  in  medical  cases  are 
relatively  more  common  from  3 — 4°. 

6.  That  death  rises  are  more  frequently  of  greater  magnitude  in 
surgical  than  in  medical  cases. 

Charts  3  and  4  show  the  actual  temperature  at  the  time  of  death  (or 
rather  the  last  recorded  while  life  ^^as  still  present)  in  cases  in  which 
'•^  had  been  a  previous  thermometrie  variation  of  over  1**5. 
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CHARTS. 
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CHART  4. 


After  fdll  of  t  a  or  mor* 

35'  gf_g?L^_jy-jg<r  cr  ^  ^(r  raf  ahf 


From  these  charts  the  following  deductions  are  made  : — 

1.  That  there  is  very  little  difference  between  medical  and  surgical 
cases  as  regards  the  final  temperature,  whether  it  be  preceded  by  a 
rise  or  by  a  fall. 

2.  That,  when  death  rises  occur,  the  final  temperature  is  most 
frequently  betweeij  101  **  and  103**,  but  quite  commonly  ranges  from 
100— 106\ 

3.  That,  after  death  falls,  the  most  common  final  temperature  is 
between  97*  and  100%  but  falls  as  low  as  95**  are  fairly  frequent.  The 
high  temperatures  which  are  recorded  under  the  death  falls  are  due  to 
the  previous  rises  of  temperature,  just  as  the  low  temperatures  under 
the  death  rises  are  due  to  previous  falls. 

The  variations  of  the  temperature  of  the  preagonistic  stage  are 
considered  in  the  following  table  with  respect  to  the  duration  of  the 
illness  as  estimated  roughly  by  the  length  of  the  period  between 
admission  to  the  hospital  and  the  death  of  the  patient.  This  method 
by  no  means  tells  correctly  the  duration  of  the  illness ;  but  by  no 
other  way  can  it  be  estimated  on  account  of  the  histories  being  so 
unreliable.  It  was  decided  in  consequence  to  accept  the  above  method 
only  in  surgical  cases,  as  indicating  fairly  well  in  this  class  the  state  of 
affairs : — 


Duration  of  stay  in  hospital 

1  day' 

2  days 

3  „    

4  ,,    

5  „    

6  „    

7  „    

7 

10 
14 
21 

1 

2 

3 


Rises. 

...  72 

...  57 

18 

21  !►  1st  week, 

41  236 

14 

12 

to  10  days    29  \  2nd  week, 


I,    ,,   1**      ,, 
21 

„    „     2  months 
>»    >»     "       >> 
i>    >>     ^       i> 
Over  4       „ 


34/ 
25 
19 
35 

5 

4 

4 
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12 
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6 
12 
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12 
10  J 
18 

9 
16 
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1 


1st  week, 
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Ovritig  to  the  obvicnis  errors  that  enter  into  the  composition  of  eiach 

a  table^  it  was  decided  not  to  continue  It  into  details.  The  ttature  of 
the  disease  would  be  ejqiected  to  affect  the  death  changes  of  temperaiturc 
far  more  than  the  mere  duration  of  the  illness  would.  But  one  poini 
stands  out  in  the  above  table,  namely,  that  the  shorter  the  illness  tht 
gre^iter  the  numljer  of  cases  in  which  yariations  of  teniperature  are 
foimd.  How  far  this  is  relative  or  absokite  has  not  been  e^leulated,  for 
the  reasons  which  have  just  been  given.  The  greatest  number  of  rim 
are  found  in  short  illnesses ;  but  the  eorrespouding  statement^  m 
founded  on  the  above  trd^le.  which  ia  composed  only  of  surgical  ca«^ 
does  not  bold  good  for  the  falls  oi  temperature,  but,  as  will  lie  seen 
later,  there  is  distinct  evidence  that  iudden  depressions  of  temperaturt 
as  death  approaches  occur  frequently  in  diseases  of  long  duration. 

The  disease  whicb  briugs  alwut  the  fntfil  termination  may  be  regarded 
as  the  most  important  factor  in  causing  the  chajgea  of  temperature 
which  occur  as  death  approaches.  The  ijifluence  of  the  diaease  upon 
the  chanicter  of  the  pyrexia,  when  death  is  iisaociated  with  a  rise  of 
the  })odily  temperature^  has  alrftidy  been  slightly  indicated.  The 
following  diseiises  are  those  in  which  the  greatest  variations  were 
found : — 

Medical  Coses. 

Kise  of  8'. — Acute  yellow  atrophy  of  the  liver. 

7'. — Septic  meningitis,  tubercular  meningitis,  t3^phoid  fever 
(haemorrhage,  preceded  by  a  fall  of  temperature). 

6  . — General  tu])erculosis,  cerebral  haemorrhage,  septic 
meningitis,  peritonitis,  marasmus  and  diarrhoeii. 

5°. — Peritonitis ;  intussusception,  preceded  by  a  fall  (two 
cases) ;  general  tuberculosis  (three  cases),  pneumonia 
(two  cases),  diphtheria,  chronic  renal  dise<ise, 
carcinoma  of  the  liver,  intestinal  obstruction, 
carcinoma  of  the  small  gut,  hemiplegia,  ulcerative 
endocarditis,  acute  yellow  atrophy. 

The  list  of  diseases  for  the  smaller  elevations  of  temperature  is  too 
long  for  reproduction.  Two  points  are  clearly  seen  in  this  table — that 
in  severe  toxic  diseases  a  large  rise  of  temperature  is  common,  and  that 
in  heart  diseases  it  is  a  rare  affection. 

Surgical  Cases. 

Rise  of  10\ — Fractured  base  of  skull. 

9^ — Fractured  spine,  fractured  skull,  burn. 

S\ — Strangulated  hernia  and  peritonitis,  tetanus,  pyaemia. 

7°. — Septicaemia,  intestinal  obstruction  and  peritonitis, 
fractured  vault  of  skull,  fractured  base,  burn  (two 
cases),  pyaemia,  suppurative  nephritis,  septic 
bronclio-pneMnioma.. 
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Else  of  6^ — Peritonitis,  various  causes  (five  cases);  meningitis 
(two  cases),  burn,  scald,  spina  bifida,  imperforate 
anus,  gluteal  abscess. 

From  this  list  the  following  conclusions  may  be  drawn : — 

1.  That  injuries  to  the  head  and  spine  generally  give  rise  to  high 
death  changes  of  temperature.  This  may  be  emphasised  by  the  low 
temperatiu'e  which  precede  the  final  rise  and  which  are  the  result  of 
the  shock  caused  by  the  injuries.  Such  a  condition  is  frequently  found 
in  those  patients  who  succumb  within  24  hours  after  admission  to  the 
liospital.* 

2.  That  the  following  diseases  are  the  most  frequent  in  taking  the 
£rst  places  among  the  death  rises  of  temperature : — 

Head  injuries :  10^  1 ;  9%  1 ;  8%  1 ;  7^  2 ;  6%  1 ;  5^  5—11  cases. 
Spinal  injuries  :  9*,  1 ;  6%  1 ;  5**,  1 — 3  cases. 
Bums  :  9^  1 ;  7°,  2 ;  6^  1 ;  5%  6—10  cases. 
Scalds  :  6",  1 ;  5%  1—2  cases. 
Meningitis :  6%  2 — 2  cases. 

3.  Besides  the  above,  death  in  those  cases  associated  with  a  rise  of 
temperatiu'es  is  almost  always  due  to  some  form  of  poisoning  by  septic 
organisms.  Thus  the  remainder  of  the  list  of  cases  with  a  death  rise 
of  5"  or  more,  can  be  summed  up  as  follows : — Peritonitis,  septicsemia, 
pysemia,  septic  meningitis,  septic  broncho-pneumonia,  suppurative 
nephritis,  cellulitis.  It  appears  from  this  that,  besides  the  injuries 
already  mentioned,  a  septic  process  causes  the  death  rise  in  almost  all 
cases.  The  predominance  of  this  process  in  causing  death  in  surgical 
cases  probably  accounts  for  the  difference  in  the  numbers  of  the  death 
variations  in  medical  and  siu'gical  cases. 

Medical  Cases. 
Fall  of  5'.— Phthisis. 

4". — Typhoid  fever,  haemorrhage  (two  cases) ;  intestinal 
obstruction,  broncho-pneumonia,  cardiac  failure, 
phthisis  (two  cases). 

3°. — Diphtheria,  mitral  disease,  cirrhosis  of  the  liver,  haemor- 
rhage, cardiac  failure,  bronchitis,  myelitis,  pneumonia, 
chronic  renal  disease  (two  cases),  tubercular  menin- 
gitis (two  cases),  phthisis  (two  cases). 

This  list  shows  that  large  falls  of  temperature  occur  in  diseases  of 
long  duration,  such  as  phthisis,  the  absence  of  diseases  of  the  nervous 
system  and  the  comparative  frequency  with  which  cardiac  affections  is 
found  are  also  striking  facts. 

•  Sawyer,  "  The  Temperature  of  Coma/'  *Brit.  Med.  Journ.,*  D^<^,  ^<^  A^^^» 
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Surgical  Cases, 

FaU  of  6*. — Intestinal  obstruction,  cyst  of  ovary,  erysipelas. 

5°. — Sarcoma  of  pelvis^  careinoraa  of  rectiim  and  ohstruetjovi 

compound  depressed  fractnre  of  vault,  scald,  aept^ 

Cffimia^  pyaemia,  abscess, 
4'. — General  peritonitis   (two   eases),  pymmm   (two   catei)^' 

tutiercular    laryngitis  and    phthisis,   epitheUonui  cf 

tongue,  sarcoma  of  tibia. 
3',^ — Injury  to  chest  and  bronchitis^  fractured  ribs,  B(ar€oiott 

of  face  and  scalp,  suppurative  nephritis,  errsipeJair 

pyfemia,  sarcoma  of  neck,  cellulitis,  imperforate  anuaj 

burn,  cut  throat,  ruptured  gut. 

The  general  absence  of  injury  and  the  great  preponderance  of  sepm 
are  striking  features  in  the  aboTe  list.  Some  of  the  falls  of  tempenvture 
are  dependent  upon  the  shock  following  a  surgical  operation. 

The  fli^rributiori  as  regards  the  age  of  the  patients  vinth  variations  of 

temperature  is  shown  in  the  following  two  charts. 


CHART  b.        „_^^ 

|A^-ea  (rf  Pdticnts  With  Death  R^sca 


C.HAP.T6. 


s  ¥  ^  g 


The  deductions,  which  may  be  made  fiom  Charts  5  and  6,  are: — 

1.  That  the  variations  in  the  temperature  as  death  approaches  are 
more  fre<iuent  in  children  under  ilic  age  of  5  years  than  at  any  other 
period  of  life. 

2.  That  between  the  ages  of  5  and  10  year-^  there  is  a  marked 
decrease  in  the  fi'equency  of  the  variations  of  temperature. 

3.  That  between  the  ages  of  20  and  50,  that  is,  during  the  most 
'active  period  of  life,  variations  of  temperature  more  commonly  occur 

an  at  any  other  period,  except  in  children  imder  5  years  of  age. 
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4.  That  rises  and  falls  of  temperature  are  relatively  of  the  same 
frequency  to  each  other  at  all  periods  of  life. 

Part  IL 

As  in  so  many  physiological  controversies  the  various  theories  fall 
under  two  headings,  firstly  the  inanimate,  in  which  the  question  is 
eicamined  from  the  point  of  view  of  chemistry,  physics,  etc.,  and 
secondly  the  animate,  which  deals  with  the  phenomena  of  living  tissues, 
so  also  in  the  subject  of  pyrexia  there  is  found  a  similar  condition  of 
aifairs.  The  inanimate  theories  deal  with  the  ratio  of  the  production 
and  the  loss  of  heat  to  each  other,  the  disturbances  of  which  must 
lead  to  change  of  temperature.  The  first  question  to  be  discussed  is 
how  the  approach  of  death  affects  the  interchange. 

(a)  It  seems  hardly  rational  to  expect  that  the  capacity  for  the 
production  of  heat  will  increase  as  the  body  approaches  death.  The 
physiological  processes  of  the  body  become  less  and  less  active  until 
they  cease.  In  diseases  such  as  tetanus,  in  which  tremendous  con- 
vulsions take  place,  there  must  be  an  enormous  production  of  heat, 
and  yet  in  this  condition  there  is  usually  no  pyrexia.  Towards  death 
the  frequency  of  the  convulsive  seizures  may  somewhat  subside,  and 
after  this  change  there  is  often  an  elevation  of  temperature.  Under 
such  conditions  the  increase  in  temperature  may  be  brought  about  by 
an  excess  of  heat  production  over  heat  loss.  The  majority  of  the 
other  cases  of  death  rises  of  temperature  cannot  be  accounted  for  in 
this  manner.  Again,  curari  causes  muscular  paralysis  by  suspending 
the  activity  of  the  neuro-muscular  system  and,  as  a  result,  a  fall  in  the 
temperature  of  the  body  occursi;  but  during  the  convulsions  which 
are  first  caused  by  the  drug  the  temperature  rises.* 

With  regard  to  the  falls  of  temperature  at  the  approach  of  death,  an 
explanation  which  is  very  tempting  to  urge,  is  that  with  the  loss  of 
the  activity  of  the  bodily  processes  a  diminution  also  occiu's  in  heat 
production.  In  support  of  this  view  may  be  put  forward  the  fact 
that  the  greater  the  duration  of  the  illness  the  more  frequent  is  there 
a  sudden  depression  of  temperature.  For,  in  diseases  which  are  of 
long  duration,  the  capacity  of  the  organism  for  heat  production  is 
much  more  likely  to  become  diminished  than  in  illnesses  lasting  only  a 
short  time. 

(b)  The  heat  loss  as  death  approaches  must  be  diminished  in  almost 
all  cases  by  the  slowness  of  the  circulation,  shallowness  of  respiration, 
suppression  of  urine,  etc.  These  changes  would  tend  to  cause  a  rise  of 
temperature.  Such  an  event  would  naturally  be  expected  to  be  more 
frequent  when  the  illness  is  short  and  the  organs  of  heat  production 

•  Pembrej,  'Text-Book  of  Phsiology/  1898,  edit,  by  Schafer,  vol.  1,  p.  841; 
Bernard,  *  Lemons  eur  la  Chaloup  Animal©,'  1876,  p.  157. 
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Skte  not  worn  out  by  work  under  a  prolonged  strain.  And*  as  h»s  b«cii 
pointed  out  abovc»  if  the  disease  should  be  of  long  duration,  a  faU  d 
temperature  rather  than  &  rifie  would  bo  expected  to  occur*     The 

reason  for  this  supposition  ie  that  as  death  approaches  in  long  illnesie^ 
there  nuist  presumedly  be  a  considerable  diminution  of  heat  product! w» 
which  m  not  counter-balanced  by  the  small  reduction  of  the  heat  lost 
at  the  surface-  The  inveatigationfl  in  the  first  part  of  this  paper 
Bupport  these  ideas,  since  they  seem  to  show  that  rises  in  the  bodily 
temperature  occur  more  frequently  in  short  diaeaaeft,  and  falla  of 
temperature  in  those  of  longer  duration. 

The  animate  factor  in  pyrexia  is  chiefly  that  of  the  action  of  the 
central  nervous  system.  "  The  nervous  system  exercises  a  control 
upon  the  kms  of  heat  by  means  of  the  vaso- motor  systenL,  whidb 
regulates  the  amount  of  blood  in  the  deep  and  the  superficial  parts  of 
the  body,  and  by  the  respiratory  centre  which  controls  the  frequency 
and  depth  of  respiration ;  upon  the  production  of  heat  through  the 
nerves  which  control  the  activity  of  the  tissues,  chiefly  the  muscles,** 
The  heat  pr<»f]u'"Hi>Ti  in  n  tissue  \^  probably  not  luider  th*^  f-t.ntrnl  ol 
that  tissue  itself,  but  its  thermogenetic  function  is  governed  by  its 
proper  segment  of  the  spinal  cord.  The  nervous  centres  cannot  of 
themselves  produce  hciit ;  they  can  only  govern  the  manufactories. 

As  the  brain  centres  exercise  a  tonic  control  over  the  spinal  centres 
which  are  in  connection  with  the  reflexes,  sphincters,  etc.,  so,  in  a 
similar  manner,  the  higher  centre  or  centres  of  the  brain  ma}'^  hold  in 
check  the  lower  centres  in  the  spinal  cord,  which  give  the  tissues  their 
power  of  heat  production.  The  brain  centres  are  the  last  to  be  evolved 
in  the  history  of  animal  life,  and  it  may  be  urged  that  they  are  the 
most  complex,  and  therefore  the  most  easily  thrown  out  of  gear.  For 
this  reason  a  generally  acting  death  agent,  such  as  a  toxic  condition, 
will  afTect  and  inhibit  the  action  of  the  higher  centres  before  or  to  a 
greater  degree  than  it  will  damage  the  lower.  Whenever  the  higher 
centre  is  cut  ofl'  from  the  lower,  the  latter  l)ecomes  exaggerated  in  its 
action.  This  is  well  seen  in  the  spastic  condition  when  the  reflexes 
etc.,  are  exaggerated.  In  a  similar  way,  with  the  commencement  of 
dissolution  of  the  higher  centres,  a  death  elevation  of  temperature  mav 
be  expected  to  result. 

The  fallacy  in  reasoning  from  the  above  analogy  is  that,  in  the  one 
case,  the  facts  deal  with  a  reflex  centre,  and  in  the  other,  as  far  as  is 
understood,  with  an  automatic.  How  far  these  difler  in  regard  to 
their  relation  to  the  higher  centres,  it  is  impossible  to  say,  but  one 
can  instance  the  acceleration  of  the  automatic  and  rhythmic  centre 
of  the  heart  when  the  inhibitory  control  of  the  vagus  is  cut  ofl*. 

An  important  fact  which  this  investigation  shows  is  that,  as  death 
approaches,    there    is    a    tendency  for    a    sudden    rise    in    the    bodily 

•  Pembrey,  Schafer's  '  Text-Book  of  Pliysiology/  lSi'8,  vol.  1,  p.  854. 
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temperature.  In  about  2,500  medical  and  surgical  cases,  an  elevation 
of  temperature  of  over  V'b  was  found  in  26  per  cent.,  or  just  over 
a  quarter  of  all  the  cases,  while  a  fall  occurred  in  8  per  cent.  only. 
The  percentage  of  rises  of  temperature  in  surgical  cases  is  37,  and  in 
medical  15.  It  is  a  most  remarkable  fact  that  this  sudden  elevation 
of  temperature  is  observed  to  take  place  so  frequently  in  surgical 
cases  (in  over  a  third  of  all  the  cases  examined),  and  that  this  change 
should  be  found  to  occur  more  than  twice  as  often  in  surgical  as  in 
medical  cases.  As  the  surgical  diseases  in  these  records  are  of  shorter 
duration,  as  a  rule,  than  the  medical,  the  tissues  in  consequence  have 
not  been  so  long  exposed  to  abnormal  conditions,  and  so  their  heat 
producing  functions  are  less  likely  to  be  impaired.  Again,  falls  of 
temperature  are  proportionally  much  more  common  in  patients  dying 
from  disease  than  from  injury.  It  may  be  presumed,  therefore,  that 
the  loss  of  control  of  the  nerve  centres  in  an  exhausted  organism  only 
occasionally  results  in  an  elevation  of  the  bodily  temperature,  whereas 
with  less  exhausted  tissues  an  increase  in  the  animal  heat  occurs. 
From  these  considerations  it  would  appear  that  heat  production  is 
constantly  in  excess,  and  that  in  consequence  of  this  the  organism 
must  exercise  some  tonic  control  over  the  process,  in  order  to  keep  its 
temperature  at  a  constant  level. 

The  idea  of  the  thermogenetic  control  of  the  higher  centre  over  the 
lower  gives  point  to  the  modified  and  accepted  view  of  Liebermeister 
thai,  "  in  consequence  of  the  injurioiis  action  of  the  fever-producing 
cause,  the  organism  loses  its  power  of  keeping  itself  at  the  normal 
temperature."*  The  poison  will,  unless  it  has  special  aflinities,  affect 
the  higher  and  the  more  complex  centres  before  the  lower.  Hence, 
the  "spastic"  over-production  of  heat  which  may  result  in  fever. 
The  great  frequency  of  death  rises  of  temperature  in  cases  of  head 
injuries,  some  spinal  injuries,  meningitis,  brain  diseases,  etc., 
emphasises  the  possible  cutting  ofif  of  the  controlling  function  of  the 
higher  centres.  On  the  other  hand,  it  should  be  remembered  that 
many  of  the  patients  had  pyrexial  temperature  charts,  it  may  be  for 
some  days  before  the  preagonistic  variations  of  temperature  occurred. 
The  regulation  of  the  bodily  heat  in  these  cases  was  already  partially 
out  of  the  control  of  the  nervous  system,  and  the  further  elevation 
of  temperature  during  the  last  12  hours  of  life  may  be  thought  to  be 
due  to  an  increasing  loss  of  this  control  on  the  part  of  the  organism. 

In  small  animals,  after  section  of  the  spinal  cord  in  the  cervical 
region,  the  temperature  falls  rapidly ;  in  larger  animals,  such  as  dogs, 
if  kept  in  an  envelope  of  non-conducting  material  in  an  ordinary 
room,  the  temperature  of  the  body  rises  to  above  that  of  fever,  but 
without  clothing  the  temperature  rapidly  falls  until  the  animal  dies 

*  Burdon  Sanderson,  Allbutt's  *  System  of  Medicine/  toI.  1. 
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in  collapse.*  In  iimn>  according  to  Sir  Benjamin  Brodie,  section  ri 
the  spinal  cord  in  the  cervical  region  causes  pyrexia,  but  very  dir 
cordant  results  have  been  obtained  by  other  observers  on  cases  witli 
simOar  injury  to  the  nervous  system.  Dr.  Pembrey's  expianaUon  cil 
these  contradicting  resuJts  seems  to  li»e  the  correct  one.  He  sap; 
"  The  section  of  the  spinal  cord  high  up  in  the  cervical  region  abolisEa 
the  power  of  regulating  temperature.  When  the  patient  is  expo^ei! 
eveTi  to  mofierate  coldj  his  temj>erature  falls  owing  to  the  inerea-f^d 
loss  of  heat  and  to  the  diminished  production  of  heat.  On  the  other 
band,  if  the  weather  be  hot  and  the  piUient  be  too  well  covered  witli 
bed  clothes,  his  temperature  rises  and  may  reach  a  dangerous  height, 
owing  to  the  diminiahed  loas  and  the  increased  productioa  of  haix 
in  the  l3ody.  In  the  paralysed  man  the  production  of  bent  rises  and 
falls  with  the  external  temperature. '*t  And  Sir  Joh.n  Burdon  Sander- 
son writes  :  **  Section  only  shows  the  abnonnj*l  facility  with  which  the 
body  yields  to  the  influence  of  outside  conditions,  "| 

It  might  be  uiged  that  the  variations  of  temperature,  just  befow 
death,  are  due  to  a  similar  condition,  but  obviously  this  cannot  be  the 
case,  for  after  section  of  the  spinal  cord  many  other  factors  arise  whicli 
are  not  prcfient  in  those  patients  who  suffer  from  no  such  lesion  of  the 
nervous  system.  After  section,  the  respiratory  movetnents  are  alt^rc^i 
in  character,  and  respiration  is  entirely  performed  by  the  action  of  the 
diaphragm,  and  in  consequeneo  there  is  le^s  loss  of  heat  through  this 
channel  Agairj^  the  museles  arc  pand yi5ed,  and,  therefore,  cannot 
produce  the  normal  nmoimt  of  heat,  while  the  sweat  glands  are  tii> 
longer  active,  and  thus  less  heat  is  lost  by  the  evaporation  of  moisture 
from  the  external  surface.  For  these  reasons  alone  the  death  varia- 
tions of  temperature  fovind  in  the  patients  who  are  considered  in  the 
first  part  of  this  paper  are  in  no  way  analogous  to  the  changes  which 
occur  after  section  of  the  spinal  cortl  in  the  cervical  region. 

Arguing  from  the  supposition  that  the  higher  centres  have  a  tonic 
control  over  the  lower,  it  is  to  be  expected  that  stimulation  of  the 
higher  centres  should  lead  to  a  still  further  control  and  diminution  of 
the  action  of  the  lower.  In  this  way  falls  of  temperature  may  be 
caused.  Plow  far  a  toxic  agent  will  stimulate  it  is  difficult  to  say.  It 
is  possible  that  some  antipyretic  drugs  may  act  in  this  way,  such  as 
quinine  and  salicylic  acid.  Other  substances  seem  too  powerful  to 
stimulate  and  would  appear  to  paralyse  the  higher  centres.  Smaller 
doses  of  the  poison,  however,  may  act  as  a  stimulant,  first  to  the 
higher  and  then  to  the  lower  centres,  the  former  being  affected  before 

*  Bunion  Sanderson,  "  On  the  Process  of  Fever,"  '  The  Practitioner,*  vol.  16, 
1876,  p.  426. 

t  PembroY,  Schafer's  'Text-Book  of  Physiology/  189S,  toI.  1,  p.  862. 

X  Burdon  Sanderson,  "  On  the  Process  of  Fever,"  '  The  Practitioner,'  vol.  16. 
187G,  p.  428. 
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he  latter.  It  may  be  that  for  this  reason,  there  is  a  slow  rise  of 
emperature  in  some  diseases;  while  in  others  of  more  severe  onset, 
here  is  a  sudden  elevation  of  temperature,  which  may  be  due  to 
aresis  of  the  higher  centres.  Septic  conditions  show  frequently 
banges  of  death  temperature,  which  may  be  the  result  of  : — 

1.  Stimulation  of  the  higher  centres  over  the  lower,  producing  fall  of 

temperatures. 

2.  Paralysis  of  the  higher  centres  over  the  lower,  producing  rise  of 

temperatures. 

3.  Simultaneous  paralysis  of  higher  and  lower  centres  producing  no 

change. 

4.  Special  poisons  may  affect  higher  and  lower  centres  differently. 
There  seems  to  be  some  evidence,  therefore,  in  favour  of  the  view 

lat  a  higher  centre  in  the  brain  controls  the  thermogenetic  centres  in 
be  spinal  cord,  but  it  does  not  follow,  when  there  is  an  increased 
eat  production  through  the  removal  of  this  control,  that  there  must 
ecessarily  be  pyrexia.  An  increase  in  the  loss  of  heat  may  keep  the 
emperature  at  the  normal  level.  In  patients,  however,  who  are  dpng, 
here  is  a  tendency  for  the  amount  of  heat  lost  to  be  diminished,  the 
vidence  for  which  has  been  pointed  out  above.  Besides  this  natural 
sndency,  means  are  constantly  employed  to  prevent  falls  of  tempera- 
ire  in  the  failing,  by  increasing  the  amount  of  bed-clothes,  by  using 
ot  bottles,  by  bandaging  the  b'mbs  before  operation,  etc.  This 
light  diminution  in  the  amount  of  heat  lost  may  be  able  to  prevent 
be  temperature  of  the  body  falling,  but  it  would  hardly  be  sufficient  to 
aise  it  many  degrees  without  some  increase  in  heat  production.  From 
hese  considerations  it  would  appear  that  the  variations  in  bodily 
3inperature  as  death  approaches  must  be  dependent  in  many  instances 
pon  the  increased  amount  of  heat  production  and  not  upon  the  dimi- 
ution  of  heat  lost.  As  these  variations  are  so  constant,  there  is  an 
idicp.tion  that,  although  the  centre  which  controls  thermolysis,  heat- 
)8S,  may  be  the  chief  factor  in  keeping  the  body  at  a  normal  tempera- 
are,  yet  the  centre  which  controls  thermogenesis  plays  a  more 
nportant  part  than  has  lately  been  attributed  to  it. 

The  thermolytic  centre  probably  has  an  inhibitory  effect  upon  the 
asomotor  centre,  i.^.,  over  vaso-constriction,  in  a  similar  manner,  we 
hink,  to  the  action  of  the  upper  thermogenetic  centre  upon  the  lower 
1  the  spinal  cord.  As  the  lower  thermogenetic  centres  tend  to 
xaggerate  the  amount  of  heat  produced  in  the  tissues,  so  the  vaso- 
lotor  centre  by  constricting  the  vessels  tends  to  diminish  the  amount 
f  heat  being  lost;  the  latter  effect  being  counterbalanced  by  the 
ihibitory  action  of  the  thermolytic  centre.  The  action  both  of  the 
)wer  thermogenetic  centre  and  also  of  the  vasomotor  centre,  when  not 
ontroUed  by  the  higher  centres,  seems  to  be  that  of  raising  the  bodily 
emperature. 
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Whatever  effect  the  fever-producing  agent  haa  upon  the  coiitr« 
power  of  the  higher  thermogenetic  centre,  it  mil  probably  act 
similar  manner  upon  the  thermolytic  centre.  If  this  sbottid  h 
case,  paralysis  or  weakening  of  the  functions  of  theae  two  ti 
would  result  in  a  much  higher  elevation  of  temperature  than  i 
thermogenetic  controlling  centre  in  the  bnun  alone  wei-e  jiffected. 

The  following  diagram  shows  the  hypothetical  relationship  o 
different  nerve  centres  which  take  part  in  the  regulation  of  the  li 
temperature.  The  afferent  path  from  the  surface  to  tho  vaao-i 
oatitre  has  been  left  out  for  the  sake  of  clearness. 


B 

ATh«nnolL/tic  Centre  {JnHbiCcriy  to  D>, 


TKermogenfttic 
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If  A  or  B  be  paralysed  or  weakened,  there  is  a  tendency  to  pvi 
if  A  and  B  be  paralysed  or  weakened,  there  is  a  tendency  to  t 
pyrexia ;  if  C  or  D  l)e  paralysed  or  weakened,  there  is  a  tendency 
fall  of  temperature. 

If  A  or  B  be  stimulated,  there  is  a  tendency  to  a  fall  of  tempera 
if  A  and  B  be  stimulated,  there  is  likely  to  be  an  extreme  fall  oi 
perature  ;  if  C  or  I)  l)e  stimulated,  there  is  a  tendency  to  pyrexia 

From  these  considerations,  and  from  the  facts  which  have 
elicited  by  a  careful  study  of  the  death  variations  of  temperatur 
following  theory  for  the  causation  of  |)yrexia  seems  to  present 
Pyrexia  is  due  to  two  factors,  to  an  augmented  production  of 
owing  to  the  activity  of  the  thermogenetic  centres  in  the  spiual 
being  no  longer  perfectly  controlled  by  the  higher  centre  in  the  ' 
and  to  a  diminished  loss  of  heat  owing  to  the  weakening  o 
functions  of  the?  thermolytic  centre ;  the  power  of  the  two  h 
centres   being   weakened   or   paralysed   by   the    morbid    produc 
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toxines  of  the  affection  from  which  the  organism  is  suffering.  In 
other  words,  normal  temperature  is  preserved  by  a  mutual  see-saw 
action  of  these  centres — the  thermogenetic  and  the  thermolytic. 

We  recognise  fully  that,  for  a  more  perfect  understanding  of  death 
temperatures,  it  is  necessary  for  the  observers  to  examine  the  patients 
for  themselves,  and  not  to  trust  to  records,  however  many  or  accurate 
tbey  may  be,  so  that  they  can  note  in  each  case  the  changes  in  the 
skin,  the  circulation,  the  respirations,  etc.,  concurring  with  the  varia- 
tions of  the  bodily  temperature.  Nevertheless,  we  venture  to  put 
forward  our  investigation  and  views,  not  as  physiologists,  but  as 
clinical  observers,  with  the  hope  of  pointing  out  new  lines  of  research, 
by  which  may  be  increased  the  knowledge  of  the  regulation  of  animal 
heat. 


"  A  Note  on  the  Action  of  Eadium  on  Micro-organisms."  By 
Alan  B.  Green,  M.A.,  M.D.  (Cantab.).  Communicated  by 
Sir  Michael  Foster,  K.C.B.,  F.RS.  Keceived  April  11, — 
Read  May  5,  1904. 

[Plate  11.] 

The  radium  salt  used  in  these  experiments  was  1  centigramme  of 
radium  bromide,  bought  of  Messrs.  Buchler  and  Co.,  of  Brunswick, 
in  June,  1903.  It  was  contained  in  a  vulcanite  and  brass  capsule, 
fronted  with  thin  talc.  The  radium  was  enclosed  immediately  behind 
the  talc,  and  the  circular  area  over  which  it  was  spread  was  about 
3  mm.  in  diameter.  The  radium  emanations  which  were  applied  to 
micro-organisms  were  such  as  passed  through  the  talc,  t.&.,  the  ^  and 
y  rays. 

Dr.  E.  F.  Bashford,  to  whose  kindness  I  am  greatly  indebted  for 
the  use  of  the  radium,  has  informed  me  that  Sir  William  Ramsay 
tested  the  preparation  for  the  intensity  of  its  combined  ^  and  y  rays, 
the  latter  being  a  practically  negligible  quantity.  The  results  showed 
that,  on  comparison  with  samples  of  radium  bromide  giving  a 
virtually  pure  spectrmn  of  radium,  these  rays  were  practically  100  per 
cent.  This  radium  salt  was,  in  fact,  a  pure  preparation  of  radium 
bromide. 

Dr.  Bashford  also  informs  me  that  this  radium  bromide  caused  pig- 
ment to  disappear  after  18  days  from  a  mole  with  15  minutes'  exposure, 
the  talc  being  in  contact  with  the  surface  of  the  mole.  Five  minutes 
such  exposure  produced  a  marked  skin  reaction,  while  20  minutes' 
exposure  caused  a  reaction  proceeding  almost  to  ulceration. 

I  found  that  the  radium  was  itself  luminous,  and  that  it  could 
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illuminate  n  iw^rren  of  Kine  aidphitlt^  through  .1  sh(?et  of  bad  over  1  em. 
thick.  It  tlisehaj^ged  a  gtilil  leaf  €4L>etroseopL%  highly  chjirged  with 
+  or  -  electricity,  at  a  distatico  of  ovtr  6  feet  It  caused  a  >>ri>wB 
eoloitmtiofi  of  ghisa  oc  Uth  when  iippliefl  nt  ft  distanco  of  1  mm.  hv 
12—24  houri. 

The  expc^riments  which  hnvc  been  mftdo  arc  of  two  kinds.  In  tlw 
first  set  investigation  was  made  of  the  germicidal  action  of  mdiaiu 
emanations,  and  in  the  eecond,  endeavours  wore  made  to  aseertain 
wh father  micro-organisms  exposed  to  the  emAnatione  became  there^r 
themselves  radio-active. 

L — The  Gtrmkuial  AcHm  of  Radinm  Enmnaiums. 

The  following  have  beer*  snl»jectt^fl  to  the  emanations  of  raditim  ; — 

(a)  Calf  vaccine,  together  with  its  contained  extraneous  bacteria, 
which  In  these  experiments  consisted  of  S.  ppoffems  anrt^wt^  S,  pffo^mf^ 
uihiiSy  S,  ctrnta  flavu.%  S.  r^t*m  iiHut^.  Both  freshly  coUeetAd  and  stored 
calf- vaccine  pulp  were  expoijed  to  radium  eoianations  in  the  following 
way  1 — A  layer  of  pulp  not  exceeiling  05  mm.  in  thickness  was  spread 
in  the  centre  of  the  depression  of  a  hollow-ground  glass  alide,  aroimd 
the  circimiferenec  of  which  dcprcsijinti  a  metal  ring  Iiad  been  cemented. 
The  capsule  containing  the  radium  bromide  w;j.3  [ilaced  upon  the 
meUfcl  ring  in  such  a  way  that  the  salt  waa  l>rought  witjiin  1^2  mm. 
of  the  lymph  pulp,  nothing  separating  them  but  the  taic  of  the  capsule 
and  the  intervening  air  The  pulp  wfis  thus  used  in  the  thinnest 
practicable  layer,  in  order  that  the  emanations  might  act  njs  uiuformly 
as  possible  on  all  the  component  parta. 

The  vitality  of  the  vaccine  and  of  its  extranemis  bacteria  was  tested 
before,  and  at  varying  ir;t.enrals  of  time  after  the  exposing  to  radium  ; 
the  former  by  itioculations  on  calves^  the  latter  by  cultivations  oa 
nutrient  media.  For  each  such  test  a  small  portion  of  vaccine  was 
removed  from  the  preparation  and  was  mixed  with  enough  sterile  water 
to  form  a  semi-fluid  emulsion.  A  loopful  of  emulsion  was  used  to 
inoculate  a  liquefied  tube  of  nutrient  agar-agar,  and  a  plate  was 
established  in  the  usual  way.  The  remainder  of  the  emulsion  was  used 
for  inoculating  a  calf. 

(/>)  The  following  species  of  micro-organisms  have  also  been 
separately  subjected  to  the  action  of  radium : — S.  pyogenes  aurevs^ 
S.  pyogenes  alhus,  S.  cereus  Jlaims,  S.  cereus  alhus^  Streptococcus  pyogenes^ 
B,  irrodigiosuSy  B.  proteus  vulgar h,  B.  pyocyanmi,%  B,  typhosus,  B,  coli 
cammunis,  B.  niallei,  B.  pestis,  B.  txtberculosis^  the  bacillus  of  Malta  fever, 
Spirillum  cholerce  Asiaticiey  and  sporing  cultures  of  B.  inesenttricus 
imlgatm,  B.  meseniericus  ruber,  B.  suhtilis,  B.  anthracis,  B.  tetania 
Gartner's  bacillus,  the  bacillus  of  malignant  oedema,  and  the  bacillus 
■■■^'^  "  uschbrand. 
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In  the  case  of  these  micro-organisms,  growth  was  removed  from  solid 
media  and  was  exposed  to  the  radium  emanations  as  a  film  in  the 
depression  of  a  hollow-ground  slide,  the  radium  being  applied  as  in 
the  case  of  vaccine.  The  vitality  of  these  micro-organisms  was  tested 
both  before  and  after  exposure  to  radium  by  cultivations  on  media  by 
a  similar  method  to  that  used  in  the  case  of  vaccine. 

In  some  instances  metal  rings  were  placed  round  colonies  of  bacteria 
in  situ  on  the  surface  of  nutrient  medium,  and  exposure  of  bacteria 
under  these  conditions  made  by  placing  the  capsule  containing  the 
radium  on  the  rings. 

In  the  case  of  each  experiment  with  vaccine  and  with  micro- 
organisms in  pure  culture,  a  control  was  carried  out  by  making  a 
aimilar  preparation  and  subjecting  it  to  similar  conditions  as  the 
experimental  preparation  with  the  exception  of  exposure  to  radium; 
it  was  also  subjected  to  tests  for  vitality  similar  to  those  used  for  the 
experimental  preparation,  at  corresponding  intervals  of  time.  All 
experiments  and  their  controls  were  made  at  room  temperature. 

The  exposure  of  micro-organisms  in  liquid  media  to  radium  was 
found  unsatisfactory  owing  to  the  presence  of  material  of  a  complex 
nature  between  the  radium  and  the  micro-organisms,  and  owing  also 
to  the  constant  variation  in  the  distance  between  the  radium  and  the 
micro-organisms  suspended  in  the  liquid. 

It  was  found  from  the  foregoing  experiments  and  their  controls  that 
a  marked  germicidal  action  was  exerted  on  the  specific  and  extraneous 
micro-organisms  of  vaccine  and  on  the  other  above-mentioned  micro- 
organisms as  a  result  of  their  exposure  to  the  radium  at  a  distance  of 
1 — 2  mm.  for  varying  lengths  of  time. 

The  following  is  a  summary  of  the  results  of  these  experiments  and 
their  controls : — 

Results  of  Exferiineniii  with  raccine. 

The  specific  germ  in  no  case  survived  a  longer  exposure  to  radium 
t>han  22  hours,  at  the  end  of  which  time  it  had  completely  lost  its 
ability  to  cause  vesiculation  or  any  visible  irritation  at  the  site  of 
inoculation  on  a  calf.  In  seventeen  out  of  a  total  of  twenty-five 
experiments  its  potency  was  destroyed  after  10  hours'  exposure  to 
radium  and  in  four  cases  after  2  hours.  The  controls  remained  fully 
potent  after  the  experimental  vaccines  had  been  rendered  inert. 

The  extraneous  micro-organisms  of  these  vaccines,  as  has  been 
previously  mentioned,  consisted  of  S.  pijoijenes  aureus,  S.  pijogenea  albtu>, 
iS.  cerexLS  flavu.%  S.  ceretis  alhus.  In  each  experiment  these  bacteria  were 
destroyed  after  exposure  to  radium  in  rather  less  time  than  was  the 
potency  of  the  specific  germ.  In  no  case  did  they  survive  a  longer 
exposure  to  radium  than  15  hours. 

The  extraneous  micro-organisms  of  the  control  vacciuea  v?«^^  «Jecvi^ 
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after  those  of  the  experimental  vaccitiea  hM  been  killed.  Tbe 
following  experiment  may  be  related  to  eicplain  in  greater  detaQ  this 
action  of  radium. 

Oji  NaT^mber  12»  1903^  T&cciiie  pulp  was  exposed  to  T&dium  at  10  i^m.  Pcomooi 
vl  thJa  pulp  were  r^tooTed  from  tliv  in fl peace  of  the  r»dium  at  the  end  of  2,  6,  and 
10  boTiff*  eipoaiire.  Liquefied  ntitrient  agar.figar  tubea  were  inoculat<td  fvitli  tiau 
platinum  loopful  of  each  portion  immedii^telj Rafter  its  trmoT&l  from  the  radims, 
and  platen  were  <?«l&btithed  in  tlio  usu&l  waj.  The  remainder  of  eat^h  partion  vu 
inooiilated  on  a  c^lf  on  the  following  daj,  NoTemher  13. 

Vonirot. 

Plates  were  ein:iilfLrlj  efltabliahed  from  the  oontrol  at  10  A.X.  and  8  p.x,  oa 
NoTember  1^^  aud  the  remainder  of  the  Taocine  ^a&  usod  for  inoculating  the  ^ 
on  the  following  day^  NoTember  13. 

On  ^^oyember  19,  the  experimental  portion  of  vaccine  exposed  to  Tadium  for 
2  hours  bad  canfted  good  Tesieulalion  on  the  calf  ^  the  portion  «i:poa«d  for  6  haun 
eauaed  Tcrj  poor  Te«icu1ationf  &nd  the  remaining  portion  exposed  for  10  h&un 
caused  no  trace  of  Te»iculation, 

The  number  of  extraneous  baet^ria  originally  present  in  the  yaceine  weT«  1200 
per  platinum  loopful  of  ejtiuUic^n  (the  mixture  of  this  emulAion  has  been  pretTiou^lj 
described).  In  the  portion  of  vnccm©  expo*od  to  radium  for  2  hourv  the  number 
left  alive  wa»  1050  per  platinum  loopfnl  j  in  tbo  portion  ex]XMed  for  6  hour»  theM 
were  Sfty  bikcteria,  and  in  the  portion  exposed  for  10  hours  there  wtui  no  eTidanoe 
of  liriog  ba€t4;ria  at  alL 

On  November  18  the  eontrol  portion  of  the  Taneine  hiid  eaused  good  veaiculB' 
tion ;  and  the  agt^r^gitr  plate  poured  at  8  p.ir,  on  NoTember  12  contained  praeti- 
oally  the  AAiae  number  of  eoloniea  of  extrtmeoys  hiK^teria  aj»  were  present  in  tbe 
plate  pDUj*ed  from  the  same  Taccine  at  10  A.M~  on  the  same  date. 

M^sults  of  E^ferijnent  mth  N&nr&jMprthuiring  Baclma. 

h\\  the  nou-sporebearing  bacteria  previously  mentioned  were  kilJecl 
after  exposure  to  radium  for  2 — 14  hours,  A  description  in  detail  of 
the  results  of  some  of  theae  experiments  may  be  of  use  in  illustrating 
this  germicidjd  action. 

* 

0«e  of  a  Series  of  S^friment^  with  3.  pyogenes  ttupt?ns. 

Before  ex|X)sare  to  radium,  plal^?  oultivatioDS  showed  84,000  bacteria  preieut 
per  platinum  loopful  of  emuUion.  After  exposure  to  nLdinm  for  6  hourSf  thxi 
number  had  decreased  to  3<  1^000;  at  the  end  of  10  hours*  exposure  to  26H)j  aud  at 
the  end  of  14  hours*  exposure  no  bacteria  were  left  alire. 

At  the  end  of  14  hours  the  control  preparation  showed  bacteria^ aliye  in  pndi- 
cfiUy  unduniuUhed  numbers. 

One  of  a  Seriet  of  E^perimtnts  foith  B.  OoU  communu. 

Before  exposure  to  mdium,  7&^000  ^jadt^rv^  -wetti  -^tc^^tiX  ^tc  ^^aiMoasa  loopful  of 
emuJaion,  After  3  hours'  exi>osuTi3  thv*  i\\im\>«i  ^*^  T^iaiKfei.  \a  «3fcfo^TOaiife*a 
6  houTB*  exposure  all  the  bacteria  'wwe  VVYLeA^ 
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The  control  at  thU  time  showed  practically  the  same  number  of  bacteria  aa  were 
pfreaent  originally. 

One  of  a  Series  of  Experiment*  with  Spirillum  cholerte  AsiatictD. 

Before  exposure  to  radium,  47,000  bacteria  were  present  in  a  platinum  loopful 
of  emulsion.  After  3  hours*  exposure  to  radium,  2100  were  left  alive  per 
platinum  loopful,  while  no  bact«ria  surTived  an  exposure  of  6  hours. 

The  control  preparation  showed  at  this  time  practically  no  decrease  in  the 
number  of  bacteria  originally  present. 

Remits  of  Experiments  with  Bacteria  containing  Spores. 

Bacteria  containing  spores  were  by  far  the  most  resistant  to  the 
germicidal  action  of  radium  of  any  micro-organisms  used  in  these 
experiments,  for  they  were  not  killed  by  less  than  72  hours'  exposure. 
This  corresponds  with  the  time  given  by  R  Pf  eiflfer  and  E.  Friedberger* 
as  necessary  for  the  killing  of  spores  by  the  emanations  of  the  radium 
used  by  them. 

The  following  are  examples  of  experiments  with  these  micro- 
organisms : — 

One  of  a  Series  of  Experiments  with  B.  mesentericus  vulgatus  {Sporing), 

Immediately  before  exposure  to  radium  the  preparation  showed  170,000  micro- 
organisms per  platinum  loopful  of  emulsion.  After  48  hours'  exposure  this 
number  had  decreased  to  260,  and  at  the  end  of  72  hours  all  micro-organisms  per 
platinum  loopful  had  been  killed. 

The  control  preparation  showed  practically  no  decrease  in  the  number  of  micro- 
organisms at  the  end  of  72  hours. 

One  of  a  Series  of  Experiments  with  B.  anthracis  (Sporing), 

There  were  originally  present  11,000  micro-organisms  per  platinum  loopful. 
After  48  hours*  exposure  to  radium,  120  only  were  left  alive,  and  at  the  end  of 
72  hours  all  micro-organisms  per  platinum  loopful  were  killed. 

The  control  showed  micro-organisms  present  in  undiminished  numbers  at  the 
end  of  72  hours. 

One  of  a  Series  of  Experiments  with  B.  tetani  (Sporing), 

In  the  experiments  with  tetanus  spores  the  actual  numbers  of  micro-organisms 
-were  not  inyestigaled,  bttt  only  the  presence  or  absence  of  living  germs  by  means  of 
cultivations  in  the  depth  of  sugar  agar. 

After  48  hours*  exposure  to  radium,  the  presence  of  living  micro-organisms  was 
still  evidenced,  but  after  72  hours'  exposure  no  growth  followed  the  inoculation  of 
a  sugar  agar  tube. 

Thus  in  these  experiments  the  non-sporebearing  bacteria  exhibited 
the  least  resistance  to  the  germicidal  action  of  radium  emanations, 
withstanding  exposure  for  2 — 15  hours  only. 

The  resistance  of  the  specific  germ  of  vaccine  was  slightly  in  excess 

•  *  Berl.  Klin.  Woch.,'  July  18, 1903. 
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of  this  ;  while  by  far  the  grcjitesst  resistance  waa  sliowti  by  tpow^ 
these  not  being  killed  by  legs  thui*  72  houra'  expoture, 

ExperimeiiU  have  also  been  made  from  which  the  fo  Up  wing  poba 
have  been  notecL 

L  As  the  dl8Un(!e  between  the  radium  aud  the  itiiercMirgmiiiiiEi 
subjected  to  its  emanations  wa$  inerea^ert,  the  germicidat  Jietioti  wIikI 
was  marked  at  the  nearest  distance  became  less  evidaDt  And  ^naUh 
ceased  to  be  exerted* 

In  these  experiments  Sftiphtiloc^ctfs  j^tjem'^  iiarnh^  wjis  aaed,  * 
separate  strain  1>eing  used  for  each  series  of  experiments,  F<^^ion4  vi 
growth  were  subjected  to  the  radium  emanations  for  the  same  time  and 
under  the  same  conditions,  except  that  the  distance  between  the  ndiiun 
and  the  bact'eria  was  varied.  After  SO  hoUTtt^  t^xpotiure  it  was  foond 
that— 

At  1  mm.  b^icteria  were  killed* 

At  1  cm.  bacteria  were  usually  lessened  in  numbers,  but  nil  were  n*^ 
killed. 

At  10  cm.  no  definite  germieidjil  uetion  waa  apparent. 
The  following  is  an  exaniplu:  — 


ExperimerU.     Sfaphff(/f^t)tru<  p}jtitjrj^r^  itmyu.^  expose^!  to  ratHum  emana- 
tions for  30  hours  at  (liil'ert'nt  di.staiice.s. 


Series. 


j      Number  of  bacteria 

originally  preseut  per 
1      platiuuin  loopful  of 
emulsion. 


l{b) 
1(c) 


1'  (10 
12(10 


Number  of  bacterid  present  p^^r 

platinum  loo}>ful  of  emulsion  after 

30  hours'  exix)3ure  to  rjidiuin. 


At  1  mm. 


A{  1  em. 


160 


-At  10  cm. 
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2.  As  extra  thicknesses  of  mica  or  glass  were  interposed  between  the 
radium  and  the  niicro-oiganisnis  exposed  to  their  inHuence,  the  tinit  f 
germicidal  action  was  delayed.  Finely  woven  copper  gauze  also  cau-ci 
slight  delay  of  germicidal  action.  A  sheet  of  lead  0*1  mm.  thi-.k. 
placed  between  the  radium  and  the  micro-organisms,  caused  weakening 
of  germicidal  action,  and  as  extra  thicknesses  of  lead  were  interjxx'^e'i 
and  the  /i-rays  were  cut  oft',  germicidal  action  became  less  and  les> 
evident. 

II. — Indured  Rculio-Adivity  of  Bacteria. 

It  has  been  found  that  after  exposm-e  at  a  distance  of  1  mm.  to  the 
radium  emanations  for  24 — 120  hours,  micro-organisms  themselves  mav 
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FlO.  1. — Pliotograph  of  a  iiinss  of  B,  mesenferictis  vulgafuM  (sjwring),  iiijulo  ra 
active  by  exjx)surc  to  radium  hroniide  for  72  hours  and  killed  by  the  ex|H^«ui 


YiG.  2. — Photograph,  taken  through  a  double  layer  of  lead-ft>il,  t»f  a  ma? 
B.  mesentericuH  vulgatus  (i«j)oring),  made  radio-active  by  exiK)suro  to  rwc 
bromide  for  72  hours  and  killed  by  the  exposure. 


1904.]         On  the  Action  of  Radium  on  Micro-organisms,  381 

show  signs  of  radio-activity.  It  has  not  yet  been  ascertained  whether 
living  micro-organiams  can  exhibit  induced  radio-activity,  but  micro- 
organisms which  have  been  killed  by  exposure  to  the  radium  emanations 
can  do  so. 

In  these  experiments  no  radio-activity  has  been  found  in  bacteria  not 
exposed  to  the  action  of  radium.'  .     '. 

Induced  radio-activity  of  mieroK)rganism8  has  been  shown  in  the 
following  manner  :  —A  small  mass  of  bacterial,  rembved  from  the  surface 
of  nutrient  mediuifi,  after  subjection  to  the  radium  emanations  at  a 
distance  of  1  mm.,  for,  as  a  rule;  72  hours,  was  removed  from  the 
depression  of  the  kioUow-ground  glass  slide  in  yMch  it  had  been 
exposed  to  the  emanations,  and  was  placed  between  two  thin  sheets  of 
glass,  generally  coverslips,  which  were  not  themselves  radio-active. 
These  sheets  of  glasis,  with  the  small  mass  of  bacteria  *  pressed  between 
them,  were  next,  in  a  dark  room,  brought.into  contact  with  the  film  of 
an  Ilford  "  special  raipid  "  photographic  plat^.  A  cotton- wool  pad  was 
placed  on  the  glass  sheets  to  keep  them  in  position;  and  the  whole  was 
wrapped  up  in  a  light-proof  package,  Twentj'-f our  hours  later  the 
photographic  plate  was  developed  and  a  photograph- Was  obtained  of 
the  bacterial  mass.  An  image  has  been  developed  after  only  1  hour's 
exposure  of  a  sensitised  plate  to  the  radio-active  bacteria,  and  in  some 
instances  after  a  fortnight's  exposure. 

Faint  images  have  been  thus  produced  on  sensitised  plates  by 
S.  p.  aureus  and  albus  whieh  had  been  subjected  to  radium  emanations, 
but,  so  far,  the  best  photographs  have  been  obtfiined  from  bacterial 
masses  containing  a  number  of  spores,  after  their  subjection  to  the 
emanations  for  24 — 120  hours  (Plate  11,  fig.  1). 

Kadio-active  micro-organisms  have  continued  to  give  off  photo-actinic 
emanations  after  3  months  have  elapsed  since  their  exposure  to 
radium. 

Photographs  of  masses  of  micro-organisms,  posseting  induced  radio- 
activity, have  beeii  obtained.through  a  double  layer  of  lead  foil  (Plate  11, 
fig.  2).  A  sheet  of  lead  3  mm.  in  thickness  interposed  between  a 
radio  active  bacterial  mass  and  the  sensitised  plate  has  prevented  the 
passage  of  photo-actinic  emanations  from  the  glass  to  the  plate.  These 
photographs  would  seem,  therefore,  to  be  caused  by  /^-r&ya  emitted  by 
the  micro-organisms. 

My  best  thanks  are  due  to  Mr.  Power,  Medical  Officer  of  the  Local 
Government  Board,  for  the  facilities  he  has  afforded  me  in  the 
research,  and  for  the  kind  and  valuable  advice  he  has  given  me 
concerning  it. 
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The  number  of  subet^nc^  which  have  been  shown  to  possess 
or  leas  weLl-nmrked  aiiQestbetlfiiiig  properties  reaches  aoEn.e  huad 
and  hence  it  is  obvious  that  the  action   cannot  have  a   difimat 

explnDatioQ  in  each  caae,  but  rather  depends  upon  sotne  general  i 
of  interactioo  between  the  anaesthetic  and  the  active  part  of  t^e  i 
\vhit'h  16  the  t  ell-protoplasm. 

Further,  the  action  occurs  not  only  with  nerve-eel Is^  hut  with 
ciliated  anrl  other  ciiitheli;d  eellsj  with  muscle-cells  of  nil  types,  vnih 
baiieriii,  .imLebre,  and  nther  onictdlulur  orgaiiji^ms,  aiul  with  all  typ^^ 
of  vGL^otable  cclk  in  which  activity  is  suited  to  experimental  demon- 
fitration.  In  all  these  varied  types  of  living  eell^  activity  decrcA^es 
alike  with  increasing  dose  of  the  antcsthetic,  and,  with  sufficient 
concentration,  all  sign  of  life  ]»ecomes  o])literated. 

Hence  the  action  of  the  ana'Sthetic  must  be  due  to  some  change 
brought  about  in  the  only  material  which  is  uniformly  present  in  all 
these  types  of  cell,  that  is,  the  cell-pro tophism. 

Accordingly,  in  briefly  reviewing,  as  an  introduction  to  our  experi- 
ments, the  previous  theories  of  aruesthesia  which  have  been  advanced 
by  various  observers,  we  believe  we  may  justly  ciist  aside  those  which 
attiibute  it  fundamentally  to  anything  peculiar  in  the  structure  or 
chemical  composition  of  the  nerve-cell,  or  to  any  alteration  in  the 
nutrition  of  the  nervous  system,  brought  about  by  variations  in  its 
blood  supply  or  otherwise. 

It  is  true  that  cells  differ  in  the  degree  of  their  reaction  iq^ 
anresthetics,  but  not  in  kinrl,  and  ultimately  the  metabolic  processes 
of  l)acteria  are  stilled  as  effectually  as  are  those  of  the  niammahan 
nerve-cell.  Any  such  effects  as  anaemia  or  hyperiemia  of  the  brain, 
which  have  been  alternately  described  by  various  observers,  must 
accordingly  l»e  only  set  down  as  secondary  effects,  and  not  as  primary 
causes  of  auicsthesia. 

Similarly,  theories  which  are  based  on  the  peculiarly  high  content  in 
ch oi estearin,  lecithin,  and  ia\.t\  d^vivvvtives  soluble  in  ether,  of  the 
nerve-cell  and  its  processes,  cam\o\>  l\vc\\\^\i  ww  ^N.^^wdX\wv  ^V  ^s^^^s^^esia. 


1904]     Properties  of  Solutioiis  of  Chloroform  in  Water,  etc,       383 

for  these  substances  are  not  present  in  demonstrable  quantity  in  by 
far  the  greater  number  of  animal  and  vegetable  cells. 

Turning  to  the  views  of  anaesthesia  which  rest  upon  an  interaction 
between  the  anaesthetic  and  the  cell-protoplasm,  we  find  the  speculation 
first  thrown  out  by  Claude  Bernard*  in  1875,  that  anaesthesia  consists 
in  a  semi-coagulation  of  the  substance  of  the  (nerve)  cell,  a  coagulation 
which  may  not  be  definite,  that  is  to  say,  in  which  the  substance  can 
return  structurally  to  its  primitive  state  after  elimination  of  the  toi^c 
agent.  Bernard  supports  his  view  chiefly  by  analogy,  and  instances 
the  stifiening  and  opacity  of  skeletal  muscle  when  exposed  to 
chloroform  vapour. 

A  similar  view  was  expressed  by  Binz,t  who  stated  that  sections  of 
cerebral  cortex  placed  in  1-per-cent.  solution  of  hydrochlorate  of 
morphia  soon  showed  a  cloudy  appearance,  and  fine  granules  appeared 
in  the  nuclei;  the  protoplasm  also  became  granular.  The  stage  at 
which  the  cell-protoplasm  was  merely  cloudy,  and  not  discretely 
granular,  could  be  recovered  from  by  washing  away  the  morphia,  but, 
when  once  the  granules  appeared,  they  could  not  be  made  to  dis- 
appear again.  Similar  results  were  obtained  by  exposing  cortical 
nerve-cells  to  vapour  of  chloroform,  or  to  solution  of  chloral  hydrate. 

Neither  Binz  nor  Bernard  showed,  however,  that  there  was  any 
precipitation  or  semi-coagulation  at  or  near  the  concentrations  which 
correspond  to  anaesthesia,  nor  were  the  optical  methods  used  capable 
of  demonstrating  effects  upon  the  protoplasm  short  of  precipitation. 

Similar  speculations  of  a  general  nature  regarding  the  action  of  toxic 
agents,  as  being  due  to  the  formation  of  a  loose,  easily-dissociated 
compound  between  the  toxic  agent  and  the  cell-protoplasm,  have  been 
thrown  out  by  various  writers,  as,  for  example,  Buchheim  (1856)  and 
Schmiedeberg  (1883). 

DemoorJ  has  shown  that,  subsequent  to  prolonged  and  deep 
anaesthesia,  the  dendrites  of  nerve-cells  acquire  moniliform  swellings, 
and  has  founded  on  this  a  mechanical  theory,  which  rests  on  the  view 
that  the  swellings  observed  are  due  to  a  retraction  of  the  protoplasm 
of  the  dendrites,  so  that  the  communication  of  cell  with  cell  is  inter- 
rupted. 

The  swellings  described  by  Demoor  have  also  been  observed  by 
Hamilton  Wright,§  who  also  found  that  they  became  larger,  more 
numerous,  and  encroach  more  and  more  on  the  dendritic  stems  the 
longer  the  anaesthesia  is  kept  up. 

These  effects  are  of  importiince  as  evidence  of  an  interaction  between 
protoplasm  and  anaesthetic,  but  the  retraction  theory  of  Demoor  l)ased 

*  '  Lemons  sur  lea  Anesth^iques/  etc.,  1875,  p.  153. 
t  *  YorlesuDgen  uber  Pharmakologie,'  p.  175. 
:  *  Arch,  de  Biol/  1^96,  toI.  14. 
§  Vonra.  o/PJiy»ioIog7,' vol.  26, 1900,p.BO-,  ^oV.^^A^V^*'^^'^- 
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on  th^m  will  not  hold  in  view  of  more  recent  work  on  thfi  BKnllir 
motle  of  com miuil cation  between  cell  and  ceiL  Further,  a^  p^miei 
out  above,  any  adequate  view  as  to  how  arwBsthetica  pr^luei^  ihnr 
effect  must  bo  npplicalde  ako  to  the  unicellular  orgatiisiiu  and  iMt 
merely  to  the  nerve- cell,  or  any  colony  of  cells, 

Wright  obtained  further  elfects  n^  a  result  of  prolonged  anuMthflttiit 
ivhich  led  him  to  Jidopt  the  view  that  the  action  i&  l:*it)-chfiiiicaJ  in 
character.  He  found,  for  example,  that  the  NissVa  iKxlit^  Umt  tfcir 
affinity  for  basic  dyes,  such  as  methylene  blue,  Imt  that  this  efftset  WM 
only  temporary,  and  disiippeared  as  st^on  us  the  ana^-stbesk  had 
passed  off* 

These  changes,  however,  do  not  begin  to  appear  imBiedhiLel^^  the 
anaesthetic  commences  to  produce  ita  effect,  and  are  rather  a  sigujil  of 
the  changes  produced  in  the  protoplasm  in  marked  degree  by  the 
prolonged  action  of  the  anfesthetic  than  an  indication  of  the  fin^ 
reaction  lietween  cell-protoplasm  and  anDesthetie. 

Oiu-  own  attention  wits  fir»t  attracted  in  this  direction  by  wtmeifiii^ 
the  expeiimentfi  of  Sherrington  and  Sowton*  upon  the  efTeets  rf 
chlsirufonji  on  the  exEJJ^cd  mrunmiilian  hcjirt^  fed  by  a  current  of 
Ringer's  or  Locke's  solution,  and  through  which  later  a  similar  current, 
but  containing  in  addition  small  amounts  of  chloroform,  could  ])e 
perfused. 

These  authors  observed  that  a  concentration  of  chlorofonn  in  the 
Locke  solution,  amounting  to  only  1  in  100,000,  pioducefl  a  marked 
and  unfailing  action  in  diminishing  the  extent  of  the  cardiac 
contractions,  and  further  that  this  etlect  appeared  rapidly  after  the 
dilute  chloroform  solution  leached  the  heart,  lasted  just  as  long  as  the 
chloroform  in  this  excessively  low  l>ut  yet  adequate  concentration  \va? 
passed  through,  and  ceased  almost  innnediately  as  soon  as  the  normal 
Locke's  solution  was  recuired  to,  the  heart  attaining  again  its  noi-nial 
force. 

This  effect  could  be  repeated  as  often  as  was  desired,  and  there  was 
no  cumulative  action  whatever,  that  is,  no  matter  how  prolonged  the 
passage  of  the  chloroform  solution  on  passing  back  to  the  normal 
Locke's  sobuion,  the  chlorofoim  etlect  rapidly  disappeared,  and  aijaiii 
recovered  when  the  chloroform  was  once  more  turned  on. 

It  was  this  latter  ettect  which  suggested  the  experiments  on  the 
'  chemistry  of  anaesthesia  recorde<l  in  this  papei-.  It  was  quite  o)>vious 
that  the  ellect  of  the  chloroform  upon  the  cardiac  muscle  fibres 
depended  solely  upon  the  concentration  (solution  tension,  or  osmotic 
pressure)  of  the  chloroform  in  the  cell  for  the  time  l»eing,  and  not  at 
all  upon  the  total  amount  of  chloroform  which  had  been  fed  to  the 
heart  up  to  the  moment  of  observation. 

This  experimental  fact  svigi;este(l  the  view  that  the  effect  upon  the 
*  ThnmpBon  Yates,  *  Jo\msion  \.\i\>omVoT\e%^ev^^u;  ^^N.^^'^^xVY.^.'b^i. 
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3ell  was  due  to  some  combination  being  formed  between  the  proto- 
plasm and  the  chloroform,  and  further  that  this  combination  was  not  a 
stable  fixed  one,  leading  to  permanent  removal  of  the  protoplasmic 
Activity,  but  an  unstable  one,  which  existed  only  so  long  as  the 
pressure  of  the  anaesthetic  was  kept  up  to  a  definite  level,  and 
gradually  dissociated  as  the  level  of  chloroform  pressure  was  allowed 
bo  fall,  and  as  a  result  left  the  protoplasm  free  for  a  renewal  of  its 
metabolic  processes — to  choose  a  familiar  analogy,  that  the  protoplasm 
of  a  cell  undergoing  ansesthetisation  entered  into  a  combination  with  the 
anaesthetic,  similar  to  that  between  haemoglobin  and  oxygen,  unstable 
in  character,  and  only  lasting  so  long  as  the  pressure  of  the  anaesthetic 
was  kept  up. 

It  occurred  to  us,  as  protoplasm  is  built  up  chemically  of  proteid, 
that  a  certain  amount  of  evidence  as*  to  the  formation  of  such  an 
unstable  compound  might  be  obtained,  in  the  first  instance,  by 
expeiiraentiiig  with  proteids. 

We  accordingly  experimented  with  the  proteids  of  the  blood,  and 
have  obtained  a  number  of  results  which  together  point  to  the 
formation  of  such  compounds  as  are  indicated  above. 

It  is  our  intention  to  proceed  further  and  study  in  a  similar  fashion 
the  effects  of  chloroform  upon  various  types  of  living  cell,  but  we  here 
present  the  work  done  upon  proteids,  which  appears  to  us  to  prove 
that  an  easily  dissociable  compound  is  formed  between  proteid  and 
chloroform. 

Our  experiments  may  be  described  under  the  following  headings  : — 

1.  On  the  obvious  physical  and  chemical  changes  produced  in  serum 
and  in  haemoglobin  solution  by  the  addition  of  chloroform. 

2.  On  the  relative  solubility  of  chloroform  in  water,  normal  saline 
solution,  serum,  and  haemoglobin  solution. 

3.  On  the  relative  vapour  pressures  of  chloroform  when  dissolved  in 
water,  saline,  serum,  and  haemoglobin  solutions  respectively,  and  on 
the  variations  in  the  coefficient  of  distribution  in  these  solutions. 

4.  On  the  solubilities  of  gases  in  serum  and  haemoglobin  solution  in 
presence  of  chloroform. 

I. — Effects  of  Chloroform  on  Serum  and  on  Hcemoglobin  Solution, 

On  adding  chloroform*  to  either  serum  or  haemoglobin  solution,  and 
allowing  the  mixture  to  stand,  changes  occur  which  are  obvious  to  the 
eye,  and  were  to  us  previously  unknown,  but  on  consulting  the 
literature  we  found  that  they  had  been  observed  by  E.  Salkowskit  in 

*  The  chloroform  used  for  all  the  experiments  described  in  this  communication 
was  presented  to  us  bj  Messrs.  Duncan  and  Flockhart,  of  Edinburgh. 

t  'Deutsche  Med.  Wochensoh.,'  1888,  No.   16;    *  Zeitsch.  f.  Physiol.  Chem./ 
Tol.  81,  1900,  p.  329.    The  fact  that  the  red  blood  cor^u«c\*%  ^tdXaxv^  ^vXXi.  <3t!^nrt^- 
form  is  also  mentioned  by  Schmiedeberg,  *  A.rch.  i.  H.e\Vkxai<^<b^  \^i^  ,^.^*^« 
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usiiig  chloroform  as  a  preservative  for  these  fiuicia,  and  were  aUo 
described  by  Formanek/  die  lieiiring  of  etieb  phenomena  upon  the 
question  of  aniestheeia  was  not,  however,  appreciatiMi  hy  these  preriotia 
observers  J  who  had  approached  the  matter  from  a  different  staadpoi^t, 

and  as  we  hnxa  in  some  respects  atnplified  their  observations,  and  in 
others  have  obtained  results  not  quite  in  accord  with  theirs,  we  fed 

justified  in  here  recording  our  experiments. 

It  was  observed  by  E.  Salkowski  in  1888  that  blood  could  not  U 
preserved  by  adding  chloroform,  because  it  gradually  became  comreited 
into  a  thick  mass. 

In  1891  it  waa  observ^i  by  Horbaczewskit  that  hsemoglohiu  ma 
precipitated  from  a  solution  contjiining  it,  and  kept  at  a  temparatui^ 
of  40 — 50'  C,  to  which  chlorofoitn  was  added  aa  a  preservative. 

The  subject  was  investigated  more  minutely  by  FormiiDekJ  in  1900^ 
and  this  observer  found  that  a  Holution  of  haemoglobin  kept  at 
50 — ^55°  C.  for  some  time  with  chloroform  was  completely  precipitated, 
the  filtrate  being  entirely  free  from  hsemoglobin* 

Form^nek  dried  and  analysed  the  precipitate,  and  from  the  absent« 
of  chlorine  after  fusion  with  sodium  carbonate  and  potassium  nitrate 
came  to  the  conclusion  that  the  precipitiite  is  not  a  chloroform  com' 
pound  of  hiimioj^lnljin.  In  our  opinion  this  is  not  a  valid  prrxif,  as 
the  chloroform  need  not  bo  so  stably  combiticd  with  the  chloroform 
as  to  stand  drying  at  130'  C,  an<l  snbi&equent  fusion  as  employed  hf 
Formiiiiek,  The  prccipiUite  was  dissolved  by  Formdnek  after  thorongli 
washing  to  remove  the  chloroform  by  the  addition  of  a  few  drops  of 
sodium  carbonate  solution,  and  the  solution  gave  the  bands  of 
oxy-ha3moglobin,  and  on  treatment  with  ammonium  sulphide  reduced 
hiemoglobin.  P^ornuinek  also  found  that  blood  serum  and  egg- 
albumin  were  precipitated  (when  the  reaction  of  the  fliud  was  acid  or 
neutral)  on  keeping  at  a  temperatuie  of  50 — 55°  C.  in  presence  of 
chloroform.  From  these  experiments  this  observer  came  to  the 
conclusion  that  the  precipitate  with  which  he  was  dealing  was  a 
mixture  of  haemoglobin  and  other  proteids  thrown  out  of  solution  by 
the  chloroform.  It  is  also  stated  in  this  paper  that  oxy-ha^moglobin 
is  only  slowly  and  incompletely  precipitated  by  the  action  of  chloroform 
at  room  temperatures. 

E.  Salkowski,  in  his  later  paper,§  states  that  blood  kept  at  a 
temperature  of  40'  C.  for  24 — 48  hours  in  presence  of  chloroforui 
changes  to  a  thick  mass,  but  found  that  the  precipitation  of  the 
ha?moglobin  was  not  complete  under  such  circumstances. 

Kegarding  the  action  of  chloroform  on  serum,  he  states  that  serum 

»  '  Zcitsch.  f.  physiol.  Chem.,'  vol.  29,  1900,  p.  416. 

+  Quoted  by  Formanek,  loc.  cit. 

X  '  Zcitsch.V.  plipiol.  Chem.,'  vol.  29,  1900,  p.  416. 

§  *  Zeitsch.  i.  p^^ftioV.  C\iem.;  ^oX.'iV  A^W>  V-  329. 
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can  be  preserved  in  contact  with  chloroform  for  years  without  pre- 
cipitation at  room  temperatures,  and  finds  this  in  agreement  with 
Formdnek's  results,  who  found,  in  presence  of  an  alkaline  reaction,  no 
precipitation  of  serum  by  chloroform  even  at  a  temperature  of 
50 — 55"*  C.  Formdnek  does  not  state  whether  his  alkaline  reaction 
is  the  natural  alkaline  reaction  of  the  serum.  Salkowski  also  found  a 
precipitating  action  of  chloroform  upon  solutions  of  albumose  and 
casein.  ^ 

Our  experiments  were  conducted  with  haemoglobin  and  serum 
obtained  from  pig's  blood.  The  serum  used  was  obtained  from  clotted 
blood  and  was  thoroughly  centrif ugalised  before  use.  The  haemoglobin 
was  in  all  cases  obtained  by  centrif ugalising  the  blood  corpuscles  three 
times  with  normal  saline,  and  then  laking  with  distilled  water  and 
making  up  to  the  same  volume  as  that  of  the  blood  taken. 

In  the  case  of  senmi  we  foimd  that  the  fluid  acquired,  with  less 
than  1  per  cent,  of  chloroform  (and  greater  quantities  up  to  satura- 
tion), a  peculiar  opalescent  and  fluorescent  appearance,  but  remained 
quite  transparent  to  transmitted  light.  On  the  addition  of  over 
2  per  cent,  of  chloroform,  there  is  a  tendency  to  precipitation  even  in 
the  cold,  and  at  the  end  of  24 — 48  hours  there  is  a  slight  precipitate 
present,  but  the  eflect  is  much  hastened  on  placing  the  mixture  in  an 
incubator  at  40°  C,  so  that  it  becomes  impossible  to  determine  the 
maximum  solubility  of  chloroform  in  serum  at  body  temperature. 
Both  in  obtaining  precipitation  in  the  cold  and  more  rapidly  at  40"*  C. 
in  presence  of  the  natural  alkaline  reaction  of  the  fluid,  our  results  are 
at  variance  with  those  of  Formdnek  and  Salkowski.  The  results  were 
obtained  several  times  in  succession. 

The  marked  opalescence  in  the  serum  was  obtained  in  preparation 
of  solutions  of  known  concentration  in  chloroform  for  purposes  of 
measurement  of  their  vapour  pressures,  and  led  us  to  doubt  at  first 
whether  we  were  not  dealing  with  a  fine  emulsion  of  chloroform  in  the 
serunL  Since  this  point  was  of  vital  importance  to  our  experiments 
on  vapour-pressure,  we  investigated  it  as  completely  as  possible. 

In  the  first  place,  examination  with  the  microscope  of  the  opalescent 
fluid  showed  no  visible  globules  of  chloroforift,  even  with  the  highest 
powers. 

To  make  certain  of  the  matter,  a  current  of  air  from  an  aspirator 
was  bubbled  first  through  chloroform  contained  in  a  Woulff^s  bottle, 
afterwards  through  a  similar  bottle  containing  water,  and  then,  at  the 
same  temperature,  was  sent  through  a  third  Woulfi'^s  bottle  containing 
serum.  By  this  procedure  the  serum  never  came  in  contact  with  fluid 
chloroform,  nor  with  air  more  highly  charged  with  chloroform  vapour 
than  corresponded  to  the  saturation  of  the  air  in  contact  with  it  or 
passed  through  it. 

There  could,  hence,  be  no  condensation  ol  e\AoToio\\si  «cA  \!i^  \s>kS5»»ak 
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by  which  an  emulsion  of  chloroform,  finer  even  than  eonld  be  seeEi 
with  a  microscope,  could  be  form^^d, 

Yery  soon,  however,  after  the  chloroform  vapour  began  to  pas^ 
through,  a  distinct  ilifference  in  ivppe^iratice  was  obser^^able  between 
the  aerum  and  a  control  placf^d  alongside,  and  after  a  time  the  senitn 
charged  with  chloroform  in  this  manner  was  &b  opalescent  m  the 
specimens  made  in  the  nsual  way  by  shaking  with  weighed  qu&ntitks 
of  chloroform,  and  gave  similar  results  with  regard  to  vapouT 
pressure. 

These  results  show  that  the  marked  opalescence  is  not  due  to  an 
emulsion  of  chloroform,  and  further  that  it  is  not  due  to  precipitation 
of  proteid  in  the  ordinary  sense  of  the  word^  for  no  precipitate  can  bti 
seen  with  the  microscope  in  the  opalescent  fluid. 

Further^  experiments  on  the  vapour  pressure  show  that  the  valne 
of  this  is  a  long  way  from  the  maximum  value,  which  it  must  obviously 
possess  if  aTi  emulsion  was  present. 

A  similaT  opalescence  in  obtaitied  on  adding  to  serum  other  orgaiut 
liquids  which  possess  ansfisthctic  properties ^  thus  we  have  obtained 
it  on  saturation  of  serum  with  ether,*  benzol  and  xylol,  but  have  not 
followed  the  matter  up  as  we  have  done  with  chloroform. 

In  the  case  of  hannoglobin  solutions,  we  have  not  been  able  to 
observe  an  opalescence,  similar  to  that  seen  in  the  case  of  serum,  up 
to  the  strength  at  which  precipitation  begins.  In  order  to  study  where 
precipitation  commences  it  is  necessary  to  keep  the  hicmoglobin  and 
chloroform  constantly  stirred,  or  otherwise  before  the  chloroform  has 
dissolved  the  lower  layer  of  haMuoglobin  solution  in  contact  with  the 
liquid  chloioform  l>econies  precipitated.  When  precautions  are  taken 
to  prevent  this  occurring,  precipitation  is  foiuid  to  take  place  when 
about  2  per  cent,  of  chloroform  has  been  added,  that,  is  long  before 
saturation  is  reached  {ride  infra).  This  precipitation  prevents  both 
the  determination  of  the  solubility  of  chloroform  in  haemoglobin  solu- 
tions, and  the  observation  of  the  vapoiu'  pressure  with  high  con- 
centrations. With  concentrations  of  1  per  cent,  or  under  no 
precipitation  whatever  Nyas  found  to  occur.  Contrary  to  Salkowski 
and  Formanck,  we  found  that  no  raising  of  the  temperature  was 
required  to  cause  precipitation  of  the  htTemoglobin  ;  in  fact,  with  strong 
solutions,  the  precipitation  occurs  within  a  few  hours,  even  in  the  ice 
chamber.  With  time  the  precipitation  is  complete,  and  the  piecipitate 
is  insoluble  in  water  or  saline,  but  in  dilute  sodium  carbonate  it  is 
easily  soluble,  and  we  have  found  that  the  solution  then  shows  the 
spectrum  of  alkaline  h^matin  and  not  that  of  oxydi^moglobin  as  was 
found  by  Formdnek. 

*  The  op&lescenco  with  ether   is  not  Yie?Lv\y  %o  well  marked,  but  increases  on 
nding,  and  the  solution  in  time  becomes  eTVTe.mft\^  V\%cv\. 
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II. — On  the  Relative  Solvhility  of  Chloroform  in  Water,  Saline,  Serum, 
and  Hmnogldbin  Solviipn, 

In  80  far  as  we  have  been  able  to  discover,  no  attention  has  been 
paid  by  previous  experimenters  to  the  maximum  amount  of  chloroform 
capable  of  solution  in  the  blood  or  serum  as  compared  with  that  taken 
ip  by  water  or  saline  solution  isotonic  with  blood. 

When  any  reference  is  made  to  the  matter  it  has  been  usually  assumed 
>n  general  principles  that  the  serum  or  plasma  will  behave  like  a 
saline  solution  of  equal  concentration  and  dissolve  somewhat  less 
ihloroform  than  water.*  In  other  words,  that  there  is  no  specific 
kction  of  the  proteids  or  other  substances  in  the  plasma. 

This  supposition  we  have  found  experimentally  to  be .  entirely 
jrroneous,  for  both  serum  and  solutions  of  haemoglobin  dissolve  much 
nore  chloroform  than  water  or  normal  saline  solution.  This  fact  is  of 
mportance  in  regard  to  the  mode  of  action,  as  it  definitely  points  to 
in  interaction  between  the  chloroform  and  the  proteid  present. 

The  presence  of  fats  would  of  course  increase  the  apparent  solubility 
>f  chloroform  in  serum,  and  hence  it  is  necessary  in  all  cases  to  use 
)erfectly  clear  serum,  f rSe  from  suspended  fat ;  this  precaution  we  have 
Iways  been  careful  to  observe,  and  in  addition  the  serum  has  always 
»een  centrifugalised. 

In  this  connection  it  may  be  added  that  the  hasmoglobin  solutions 
rhich  we  have  employed  could  not  contain  fatty  matter,  and  hence 
he  high  solubilities  which  we  have  observed  could  only  arise  from 
hemical  interaction  between  the  hsemoglobin  and  the  chloroform. 

Methods  for  Determining  Maximum  Solvhility, 

Three  methods  have  been  used  in  the  determination  of  the  maximum 
jlubility  of  chloroform  in  the  solvents  mentioned  above,  which  have 
iven  concordant  results  and  shown  that  the  solubility  in  proteid 
^lution  is  much  higher  than  in  water  or  saline. 

In  the  first  method  we  have  determined  the  amount  of  chloroform 
issolved  by  obtaining  the  product  of  volume  and  vapour  pressure  at 
)w  pressure  and  with  a  small  volume  of  fluid,  so  that  practically  all 
[le  chloroform  was  simply  pumped  off  into  the  vacuum.  In  this 
lethod  the  volume  of  fluid  experimented  with  is  necessarily  small, 
nd  this  gives  rise  to  experimental  error  of  measurement,  which  is 
dded  to  by  the  volume  measured  being  large  and  pressure  small,  so 
lat  the  results  are  only  approximative,  yet  it  is  observable  that  they 
infirm  those  obtained  by  the  more  accurate  methods  described  below. 

The  details  of  the  method  are  described  in  the  succeeding  section 
II  the    relationship  between   vapour  pressure  and    concentration  of. 

*  Overton,  *  Studien  liber  die  ISaptVo&e,^  ip.  ^'i. 
VOL,  LXXIIL  *  ^  ^ 
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chloroform,  and  it  neerl  only  be  mentioned  here  that  we  har^j 
obtained  solubilities  of  0*95  per  cent.,  in  normal  salitie  (0*75  per  cent,), 
3^33  per  cent  in  serum  and  4-42  per  cent  in  whipped  lilood,  \)y  i\u§ 
method. 

The  second  method  employed  consists  in  weighing  out  knowrt 
amounts  of  chloroform  into  water  and  serum  and  ha^mogloliin  solution 
respectively,  and  then  determining  l\v  direct  ol>8erTatit:jn  that  c^m- 
cent  rat  ion  in  each  ease  at  m  hich  the  chloroform  ceased  to  he  diaaolved. 

This  method  of  ol>aervation  is  made  easy  in  the  cfisc  of  chlorofonn 
by  the  high  specific  gravity  of  that  fluid,  as  a  result  of  which  mi 
inverting  the  flask  in  which  the  determination  is  lieing  made  eieu 
minute  globules  of  undissolved  chlorofona  can  he  seen  fulling  through 
the  fiuid. 

The  determinations  of  solubility  by  this  method  are  tiiadt^  on  ihc 
following  plan*  Pure  chloroform  is  dropped  from  a  fine  cjipillarF 
pipette  into  a  tared  graduated  flask  of  i?5,  50  or  100  c*c.,  and  eareftdly 
weighed  to  definite  amount,  corresponding,  when  the  flfwsk  liaa  breti 
filled  by  the  solvent  under  experiment,  to  a  definite  percentage  of 
chlurofonn,  A  scries  of  such  fla;sks  i^  prepared,  ami  imnicfiiutcly 
afler  each  i!ask  is  filled  with-  thv  desircH  solvent  and  eilhtr 
shaken  thoroughly  by  hand  until  sitlutinn  i^  cuni]!lute»  or  plui  lhI 
on  a  rotary  shaking  machine.  After  the  lapse  of  s^everal  days,  duiiiiii 
which  time  the  flunks  arc  never  u)>encil  anfl  nre  kept  shakt^n  up^  it  i> 
nfiticcd  at  what  level  ot  conci-iuiation  the  ehlo)M»fcirin  cca^^es  to  ^e 
completely  dissolved,  and  so  the  solubility  is  determined. 

The  lower  strengths  of  known  value  short  of  saturation,  and  al^o 
the  saturated  solutions  so  prepared,  were  kept  and  used  also  t«»r  the 
experiments  on  vapour  pressure  at  varying  concentration  (lesoril)ed  in 
the  next  section  of  this  paper. 

The  following  results  were  obtained  by  the  application  of  this 
method  at  room  temperatures,  approximate! v  (13  C),  for  the  percentairo 
]>y  weight  dissolved  : — 

Jl^attr,  0'8  pel"  cent,  dissolved,  O'D  j>er  cent,  dissolved,  I  per  ccni. 
not  dissolved  completely.     Estimated  solu))ility  0*95  per  cent. 

Saline  Soh/iion  (0"75  per  cent,  sodium  chloride  in  water),  O'T  per 
cent,  dissolved,  OS  j)er  cent,  dissolved,  Q-D  per  cent,  not  dissolve*!. 
P^stimated  solubility  about  O'S'S  per  cent. 

Srrtiii),  3  per  cent,  dissolved,  3 '5  j)er  cent,  dissolved,  4  per  cent,  al! 
dissolved  save  a  few  small  globules. 

Hif'inoi/Iol'iii  Sohifion  or  Blond. — Over  G  per  cent.  l)y  weight  is  taken 
up  when  chloroform  is  shaken  with  l»lood  or  haemoglobin  solution  of 
equal  strength  to  the  blood,  prepared  from  blood  by  centrifuijali>ir.i: 
several  times  with  saline,  and  sul)sequent  laking  with  distilled  water. 
aiu\  DO  glolmles  of  chloroform  can  be  seen  on  careful  examination 
with  the  microscope.     TiUl  iW  *o\viV\o\\  \"c\\)\v^\  ^Vwwvivi^  u\  colour,  and  a 
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pretjipitate  is  thrown  out  on  standing,  as  above  described,  which  is 
quite  insoluble  in  water  or  saline,  but  easily  soluble  in  dilute  sodium 
carbonate  solution,  and  then  gives  the  spectrum  of  airline  hsematin. 

The  blood  begins  to  give  this  precipitate  when  about  1  '5  per  cent,  of 
chloroform  has  been  added  at  room  temperature,  but  with  a  lower 
concentration,  and  more  rapidly  when  heated  to  body  temperature  in 
the  incubator.  Two  per  cent,  of  chloroform  gives  a  precipitate  in  the 
cold,  and  on  heating  to  40**  C.  a  red  flocculent  precipitate  leaving  a  clear 
colourless  fluid  above. 

The  third  method  for  determining  the  solubility  of  chloroform  in  the 
fluids  experimented  with  consists  in  shaking  up  thoroughly  for  several 
hours  with  an  excess  of  chloroform,  and  then  pipetting  off  and 
determining  the  amount  of  chloroform  in  the  solution. 

The  difficulty  here  is  a  rapid  and  accurate  method  of  determining 
the  amount  of  chloroform  contained  in  a  measured  volume  of  the  given 
saturated  solution. 

The  procedure  finally  employed  for  this  purpose,  which  is  also  being 
experimented  with  as  a  method  for  quantitative  estimation  of  chloroform 
in  blood  and  serum  at  lower  values  reaching  to  the  anaesthetising 
value,  was  as  follows,  and  led  to  very  accurate  results. 

A  measured  volume  (usually  10  c.c.)  of  the  fluid  saturated  with 
chloroform  is  placed  in  a  flask  fitted  airtight  with  a  double  bored  cork,, 
and  a  stream  of  hydrogen  is  aspirated  through  the  solution,  the  oxygen 
present  in  the  flask  and  connections  is  absorbed  by  passing  through 
alkaline  pyrogallate,  and  the  mixture  of  hydrogen  and  chloroform  is 
then  burnt  by  passing  over  heated  palladium  asbestos  placed  in  a  very 
short  combustion  tube.  All  the  chlorine  in  the  chloroform  is  thus 
burnt  to  hydrochloric  acid,  and  the  amoimt  of  this  absorbed  in  standard 
alkali  is  then  estimated,  first  by  back  titration  against  standard  acid, 
and  then  further  checked,  either  by  volumetric  titration  with  standard 
silver  nitrate  solution,  or  by  gravimetric  determination  as  silver 
chloride. 

The  serum  used  in  these  determinations  was  examined  for  chloroform 
emulsion  by  the  microscope,  but  no  undissolved  chloroform  in 
suspension  was  observed.  The  precipitate  in  serum  at  atmospheric 
temperature  obtained  by  this  method  of  shaking  up  with  excess  of 
chloroform  was  very  dense,  so  that  the  serum  became  quite  opaque. 

The  results  obtained  by  employing  this  method  were  as  follows  : — 

Distilled  water,  dissolved  0*95  per  cent.,  and  serum,  dissolved 
5*08  per  cent. 

III. — On  the  Vapour  Pressure  of  Chlarofonn  Dissolved  in  Varying  Concejitra- 
tion  in  fVater,  Saline,  Serum,  and  Haemoglobin  Solutions  respectively, 

A  determination  of  the  vapour  pressure  of  an  ai\»«t\vft\AR.  \w  ^^n^^vqkx 
at  varying  concentrations  in  serum,  in  h»mog\o\>\iv,  ox  *\xv  \^qq^^S&  '^^ 
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high  practical  importance,  since  it  it  upon  the  reliitionsliip  of  thii 
T&pour  pressure  to  the  concentration  of  the  eohuion  that  the  amcfuut 
ol  anaesthetic  taken  up  by  the  blood  circulating  through  the  long* 
flepende. 

It  has  hitherto  been  taken  for  granted  that  the  Dalton-Henry  law 
can  be  applied,  and  that  the  amount  of  anaesthetic  taken  up  is  stncUr 
proportional  to,  and  varies  directly  with,  the  percentage  of  the  vapoar 
of  the  anaesthetic  in  the  inspired  air* 

This  baa  ncveTj  however,  to  otir  knowledge,  been  experimentallT 
toited,  and  it  seemed  to  us  desirable  to  attempt  such  a  determiziatiot). 
We  have  investigated  from  this  point  of  view  solutions  of  chlorofonn 
in  serum,  haemoglobin  solution  (of  equal  strength  in  ha&tnoglobiii  to 
the  blood  from  which  the  hBemogloHn  was  prepared)  and  whipped 
blood,  and  have  contrasted  the  pressures  obtained  witb  those  oi 
i^otutions  in  chloroform,  in  water,  and  normal  saline  at  equal  eonc^D^ 
tratione. 

The  vapour  pressures  have  been  measured  corresponding  to  conctfj- 
t rations  ranging  from  considerably  below  the  anae-athetising  values  for 
chloroform  vapour  pressure  in  air  (viz.,  8 — 10  mm,)  ob^rveil  b}' 
Paul  Bert,  up  to  the  saturation  points  in  most  cases. 

The  iiistnimeiit  employed  for  this  purpose  was  ix  Xuriu  ur 
""  differential  densimeter,"  which,  after  passing  through  many  moiii- 
tications,  took  the  form  represented  in  the  accompanying  sketch 
(fig.  1),  which  is  drawn  approximately  to  a  scale  of  ^. 

The  two  tubes  shown  are  exactly  similar,  and  are  graduated  ir. 
cubic  centimetres  and  tenths  in  the  upper  portion,  and  in  centimetre> 
in  the  lower  and  wider  portion. 

The  tubes  are  connected  as  shown  by  means  of  thick-walled  rubWr 
tubing  and  a  glass  Y-piece  to  a  stout  glass  mercury  receiver  capable  oi 
holding  more  than  enough  mercury  to  fill  both  tubes  and  their 
connections. 

The  tubes  are  held  in  a  vertical  position  by  clamps  attached  to  the 
strong  vertical  iron  bar  of  a  massive  retort  stand,  and  each  tube  i? 
capable  of  being  moved  in  its  clamp  vertically  up  and  down  fo' 
purposes  of  adjusting  the  mercury  levels. 

In  order  to  keep  a  constant  temperature  (in  the  case  of  the 
expeiimeiits  carried  out  at  body  temperature)  the  upper  portion  uf 
each  tube,  from  about  the  middle  of  the  wide  part  to  the  level  of  the 
stopper  at  the  top,  was  encased  in  a  hot- water  jacket  of  the  fonu 
shown  in  detail  in  fig.  2,  and  omitted  for  clearness  from  fig.  1. 

It  was  found  convenient  to  use  for  the  outer  glass  tul»ing  of  this 
jacket  the  largest  size  oi  a  commow  x'a.\\^\>^  <A  >$s.\r^'Si\v-W£i^^  chimney. 
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which  measured  8  cm.  in  diameter  above,  bulged  out  as  shown  to  9  cm., 
and  then  narrowed  below  to  6  cm. 

The  wider  top  and  bulge  were  found  very  useful  in  facilitating  the 
introduction  and  vigorous  movements  of  the  bar  electro-ma>jfnet  used  as 


M!*3JLe. 


Fig.  1. — Diagram  of  differential  Densimeter. 

a  stirrer  in  connection  with  the  iron  stud  (seen  in  figs.  1  and  2,  at  the 
top  of  the  mercury),  which  was  dropped  into  each  tube,  and,  during  an 
experiment,  agitated  up  and  down  so  as  to  thoroughly  mix  the  fluid 
under  experiment,  and  so  bring  it  into  equilibrium  more  rapidly  with 
the  vapour  in  the  space  above  it. 
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The  hoUFAter  jacket  w&s  made  watertight  T^elow  by  me^iifl  nf 
india-niTjher  cork,  as  sbowii  (fig.  2);  the  nibl)er  cork  whb  aljso  licj 
in  each  case  fur  two  narrow  glass  tuhei,  for  the  purpose  of  j 


Inflow  of     -._-^-~^ 
hot  waiter 
from  bdLth. 


Outflow  CO 
wa*t€  pipe. 


Fio.  2. — Section  taken  through  tlie  upper  ix)rtion  of  one  tube  of  the  diiTcrr!! 
r^ens^imeter  and  the  hot-'water  jacket,  showing  the  inflow  and  outilow  tu 
Scale  h. 

water  to  and  from  the  jacket.     The  two  tubes  carrying  the   w.uer 
stopped  about  2  cm.   a])Ove  the  upper  surface  of  the  riib])er  cnrk 
each  tube,  so  as  to  prevent  l>locking  1)V  mercury  accidentally  run  tv 
from  the  top  when  the  mwet  u\\>^?>  were  being  cleared  <>ut  at  i 
termination  of  a   measuYeiuewt.    T\i^  o\\i^\  ^w^'s.  vA  \>cv>i'?.'^\NKQ\vvl 
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were  attached  by  means  of  narrow  rubber  tubings  and  a  glass  Y-tube 
to  a  bath  of  hot  water,  placed  at  a  higher  level,  and  a  screw-down  clip 
on  each  rubber  tube  regulated  the  flow  until  a  thermometer  placed  in 
the  corresponding  hot-water  jacket  showed  the  desired  temperature. 
A  constant  level  of  water  was  kept  up  automatically  in  the  warm 
supply  bath,  and  its  temperature  was  regulated  so  as  to  lie  2 — 3* 
above  that  of  the  jackets.  The  two  outflow  tubes  passed  up,  as 
shown,  inside  the  jacket  to  the  level  of  the  ground  in  glass  stopper, 
and  their  outside  ends  were  connected  by  means  of  rubber  tubing  to 
the  waste  pipe. 

In  fig.  1  the  upper  portion  of  the  left-hand  tube  is  shown  in  section, 
and  that  of  the  right-hand  one  in  outline.  The  ground  in  stoppers 
shown  were  found,  when  sealed  with  mercury,  to  be  much  more 
effectual  against  minute  leakages,  which  entirely  vitiate  the  results, 
than  any  form  of  tap,  and  they  are  also  much  more  convenient  for 
introducing  the  solutions  to  be  experimented  upon,  and  for  cleaning 
out  the  apparatus.  Further,  since  they  do  not  require  to  be  operated 
between  the  commencement  and  termination  of  each  determination  of 
vapour  pressure,  they  are  better  adapted  to  their  particular  purpose 
than  a  tap.  In  the  course  of  our  experiments,  we  also  found  it 
necessary  to  be  able  to  dilute  a  solution  with  more  of  its  solvent 
without  allowing  it  to  come  in  contact  with  any  appreciable  volume  of 
air,  and  for  this  purpose  found  the  stopper  arrangement  most  convenient. 

The  side  tube  shown  at  the  lower  end  of  each  main  tube  was 
designed  to  trap  air  which  was  found  to  slowly  leak  in  through  the 
rubber  pressure  tubing,  when  a  vacuum  was  established  by  lowering 
the  mercury  receiver,  and  for  a  long  time  was  a  source  of  annoyance. 
We  subsequently  learned  that  the  device  had  been  first  introduced  by 
Lord  Rayleigh.  At  ihe  end  of  an  experiment,  any  air  which  has 
collected  is  discharged  by  raising  the  mercury-holder,  opening  the 
.screw- clip  shown,  and  allowing  enough  mercury  also  to  pass  through 
to  form  a  seal  in  the  rubber  tubing  above  the  clip. 

The  mercury-holder  was  suspended  by  means  of  a  ring  and  loop  of 
wire  attached  around  the  bulb  from  a  vertical  rod,  swivel,  and  hook, 
possessing  a  slow  screw  movement  in  a  block  attached  to  a  horizontal 
rod  fixed  in  a  clamp,  which  could  be  moved  up  and  down  on  a  heavy 
retort  stand.  For  large  movements,  the  clamp  was  slid  up  or  down 
the  retort  standard,  and  for  fine  movements  the  screw  was  raised  or 
lowered  in  its  block. 

In  using  the  apparatus,  the  two  vertical  tubes  are  first  placed  at  the 
same  level,  the  mercury-holder  is  filled  with  mercury,  and,  with  the 
two  glass  stoppers  out,  the  whole  apparatus  is  filled  with  mercury, 
the  two  stoppers  are  next  inserted,  enough  mercury  being  left  above 
them  to  form  a  seal,  and  the  mercury-holder  is  then  lowered  until  tb^ft. 
two  vertical  tubes  become  evacuated.    TYie  lee^viet  S&  >C^^\v  ^^»afc^ 
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agiiin  to  tbe  level  of  the  stop|>&Ta,  and  any  bubble  of  air  fc»tmd  u 

discharged. 

The  apparatus  is  now  readj  for  an  experiment,  and^  with  stoppt^m 
out,  the  levels  of  meriurj  are  adjusted  until  there  \b  an  equal  vc4tiDi« 
left  al>ove  the  mercury  on  each  side.  A  given  vDlume  of  the  solvent 
(say  5  c.c.)  is  now  introduced  an  the  one  side  (say  left),  and  nn  equal 
vohune  of  the  solution  of  chloroform  in  the  same  ^tvent  on  the  otbet 
Bide.  In  e^ich  caae,  immediately  alter  the  fluid  has  been  intitxlu/CedT 
the  stopper  ia  inserted*  care  l^ing  taken  to  prevent  any  air  l^eing 
included^  either  as  a  bubble  at  the  mercury  surface,  or  between  lb»i^ 
surface  of  the  introduced  fluid  and  the  stopper.  To  achieve  tbo 
latter  end,  we  have  almost  always  introduced  above  the  mercnir 
2  or  3  e.c.  more  than  the  required  quantity,  so  that  it  stood  in  tluf 
neck  and  slightly  aljove,  and  then,  by  easing  the  stopper  and  gently 
adjusting  the  level  of  the  mercury-holder,  have  brought  the  level 
of  the  mercury  in  the  tube  to  the  desired  volume  mark.  After  iHe 
solvent  on  the  one  side,  and  the  solution  of  chloroform  of  the  desired 
strength  on  the  other  side,  have  been  successfully  introduced  In  equ»i 
volimie,  and  without  any  bubble  of  air,  the  mercury-holder  is  loweried 
nntil  a  ^pice  containing  vapour  has  eT-ppe^ired  on  each  aide.  The  level 
of  the  nicieury  will  l>e  found  to  Iso  lower  (>n  the  chloroform  side, 
jitid  it  is  obvious!,  the  instrunient  being  ind<^pendcrit  of  VLiriatious  in 
aimosphcrit  pressure^  and  the  only  ditt'eretii  factor  being  the  addeil 
chloroform  on  the  one  side,*  that  the  difl'erence  in  pressure  will  give 
the  vapour  pressure  directly  for  that  strength  of  chloroform  solution 
at  that  particular  temperature. 

There  is  hence  no  need  to  determine  pressure  due  to  dissolved  g.ises 
on  the  two  sides,!  or  pressure  of  aqueous  vapour,  since  these  balance, 
and  the  quickness  with  which  readings  can  ])e  diit^ctly  obtained  make? 
It  possible  to  carr}^  out  a  long  series  of  determinations  at  varying 
strengths,  without  the  proteid  solutions  liaving  time  to  undergo 
])acterial  change. 

Certain  precautions  have  to  be  taken,  however,  and  corrections  made 
which  may  here  be  mentioned  : — 

1.  Before  taking  a  reading  it  is  essential  to  move  the  tul)es  vertically 
and  adjust  the  levels  until  the  volumes  of  the  vapour  spaces  al>ove 
the  upper  aqueous  solution  meniscus  in  each  case  are  exactly  equal, 
otherwise  inequality  in  pressure  of  gases  pumped  oti'  on  the  two  sides 
gives  rise  to  an  error,  which  is  greater  the  smaller  the  vapour  space. 

*  Thero  will  be  a  small  difference  in  the  pressure  of  water  vapour  ou  the  two 
.sides,  due  to  there  being  a  stronger  solution  on  the  chloroform  side,  but  this  is  in  all 
cases  too  minute  compared  to  the  pressure  of  tlie  chloroform  vapour  to  make  any 
appreciable  error. 

t  liiliL'ht  dillerences  in  dissolve  1  gMse?  guve  a  di^turbiince  with  verv  dilute 
chloroform  solutions,  and  tiiia  was  later  obriated  bv  pumping  the  gases  off  (rtf/-- 
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2.  Before  taking  a  reading,  there  must  be  certainty  that  each  fluid 
s  in  equilibrium  with  its  vapour  space.  This  is  shown  by  absence  of 
.rariation  when  the  apparatus  is  left  at  rest. 

For  rapid  and  accurate  working  the  mechanical  stirring  by  means  of 
;he  studs  and  magnet  is  indispensible,  for  even  after  the  lapse  of  an 
lour  when  at  rest  the  solution  has  not  completely  discharged  its  proper 
amount  of  chloroform  into  the  vapour  space.  When  once  the  control, 
containing,  of  course,  no  chloroform,  has  been  thoroughly  stirred  it 
remains  constant,  and  need  not  be  changed  at  the  end  of  each  deter- 
mination, but  can  be  used  throughout  an  entire  experiment. 

By  vigorous  stirring,  equilibrium  can  be  attained  in  5 — 10  minutes, 
md  the  level  does  not  afterwards  change  no  matter  how  long  stirring 
ind  observation  be  kept  up.  This  important  experimental  observation 
we  have  taken  occasion  to  verify  several  times  during  our  experiments. 

3.  For  very  accurate  working,  especially  with  the  dilute  solutions  and 
low  pressures,  it  is  necessary  in  the  case  of  seriun  and  hsemoglobin  to 
pump  off  the  dissolved  gases  by  means  of  a  Topler  pump,  otherwise  these 
come  off  unequally  from  solvent  and  solution  and  disturb  the  results  at 
the  low  pressures.  The  chloroform  solutions  are  then  made  up  from 
the  pumped-out  solvent,  which  also  must  be  used  for  control  and  for 
making  the  dilutions. 

4.  The  temperature  must  be  the  same  in  the  jackets  surrounding 
Bach  tube  at  the  time  when  each  reading  is  taken,  and  in  a  series  of 
determinations  at  varying  strength  and  a  constant  temperature,  that 
temperature  must  be  closely  maintained  throughout.  The  temperature 
error  is  a  maximum  when  the  solutions  are  near  saturation,  for  then 
the  variation  in  vapour  pressure  per  degree  is  very  large ;  fortunately 
here  the  differences  in  level  under  observation  are  also  very  large, 
which  diminishes  the  percentage  error  arising  from  small  deviations  in 
temperature. 

At  concentrations  away  from  saturation,  the  variations  arising  from 
small  differences  in  temperature  approximately  obey  the  gas  law,  and 
under  the  conditions  of  our  experiments  become  quite  negligible. 

5.  A  correction  must  be  made  in  all  cases,  upon  the  concentration  of 
the  solution  introduced  into  the  tube,  for  the  amount  of  chloroform 
pumped  off  from  the  solution  into  the  vapour  space.  This  correction 
is,  of  course,  larger  in  the  case  of  the  more  concentrated  solutions  with 
bigh  vapour  pressures. 

This  has  been  done  in  the  experiments  of  which  records  are  given 
>elow,  and  accounts  for  the  concentrations  not  being  exact  percentages 
>r  small  fractions  of  exact  percentages. 

The  amount  of  chloroform  in  the  vapour  space  is  readily  calculated 
from  the  product  of  the  observed  vapour  pressure  and  the  volume  of 
the  vapour  space,  and  this  amoimt  deducted  from  the  quantity  contained 
n  the  chloroform  solution  when  it  was  introdwceOi,  g^\^'e»  \X\fe  w^v:fc^%'i^.\^ 
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datum  for  caleulAting  the  eon  cent  rat  ion  iti  chloroform  of  the  j^olmiiu: 
corrt;spojidiug  to  the  obaer%'ed  vapour  pressure  in  the  vapoiir  ep^^c^. 

The  ratio  of  the  vapour  couceniration  in  the  fluid  to  the  corwtmtr* 
tion  in  the  vapour  epice  gives  the  coefficient  of  distriV*utiiJti  (rt^Mot^ 
th  parfa(fe,  Thtilunfji^cofjfirient) :  this  should  retoain  eoiuitaui  if  ik 
I  absorption  of  the  chloroform  vapour  by  the  liquid  were  itomui]  ait^ 
strictly  proportional  to  the  vapour  pressure,  and  if  it  varies  it  ijuiiiu 
to  a  physical  or  chemical  iiggregation  or  compound  l)et^eeu  the  chlon^ 
fonii  and  the  fluid  or  iu  conatituenta  (fn^l^.  in/my 

iMdlmi  of  Baidinrf. — The  readings  were  tat  en  with  a  cathetoinettifir,* 
placed  about  4  feet  from  the  tubes*  both  for  greater  Aecma^  h 
reading  than  direct  meaaurement  woidd  give  and  to  avoic)  cliAngiefi  in 
temperature, 

Ty^o  Mdkofh  of  EiperitnentatiGu, — We  have  employed  two  differtm 
methods  of  experimentation  in  investigating  the  variation  in  vap*>iir 
pressure  with  varying  concentration.  It  is  obvioui  that  the  coiioeu 
tration  of  t%  measured  volume  of  a  strong  solution  introduced  into  tk 
densimeter  may  be  diminished  by  pimiping  ofl'  more  and  more  chlov^ 
form^  by  iijcrejising  the  volume  of  the  vaj>our  sjMiee  alKive  the  solution. 

A  sei'ies  of  readings  of  ditt'ercnces  in  press tue  may  thus  l>e  obtairied 
in  which  the  vapour  iJipiKe  on  the  two  ^idcs  is  kept  cijual  and  of  knt»wi 
and  increasing  value  tbroui^hont  the  scries.  This  method  we  havt 
railed  the  method  of  "  vttfiithh'  ritjtoffr  sp'irrj^ 

On  tliL*  urlu*r  hfind,  a  sun'cs  of  Bolntions  of  known  and  steadib 
diminishing  or  increasing  concentration  may  be  introduced  into  the 
densimeter  and  measured  one  after  another  as  to  their  vapour  pressure. 
in  each  case  with  a  known  fixed  volume  of  vapour  space.  As  statci 
above,  the  concentration  at  which  each  vapour  pressure  in  the  series  i; 
measured  is  then  accurately  known.  This  method  we  have  called  the 
method  of  ^' con.<f(inf  vajiour  space.'' 

Mifhod  of  "  Varinhh:  J'aponr  Span'.'" — In  this  method,  uidess  the 
volume  of  the  tubes  of  the  densimeter  is  very  large,  the  volume  <4 
solution  and  solvent  respectively  introduced  must  be  very  small.  AVt 
have  usually  taken  A  c.c.  on  each  side,  either  of  a  saturated  solution 
or  of  a  very  strong  solution  of  known  strength,  and  by  alterintj  the 
levels  of  the  tubes  and  mercury  receiver,  have  taken  a  long  serie> 
of  readings,  in  each  case  with  equal  volume  of  vapour  space  on  each 
side,  at  every  increasing  volume  of  vapour  space,  until  the  ditlerence  in 
pressure  became  of  small  value,  and  the  product  of  volume  and  vapour 
pressure  l)ecame  approximately  constant,  showing  that  practically  nil 

*  The  instrument  used  was  made  bv  Pye  and  Co.,  of  Cambridge,  and,  by  mean? 

of   a   Ternier   and   divided  screw-head,  read  to    ,ur5  of  ^  millimetre.       We   liave 

/requentlv  observed  that  we  were  able  to  take  readings  within  five  divisions,  tlial 

IS  5^7   mm.,  which  is  far  w\tv\u\  the  accuracy  of  other  portions  of  our  deteruii- 

nations. 
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the  chloroform  had  been  pumped  off  from  the  solution.  This  constant 
product  then  gave  the  necessary  datum  for  calculating  the  concentration 
of  the  original  solution  introduced  into  the  densimeter,  the  product  of 
vapour  pressure  and  volume  at  each  stage  gave  the  datum  for  calcu- 
lating the  quantity  of  chloroform  pumped  off  from  the  solution,  and 
therefore  for  deducing  the  corresponding  concentration  of  solution. 
Or,  also,  by  plotting  vapour  pressures  as  abscissae,  and  the  product 
of  vapour  pressure  and  volume  of  vapour  space  as  ordinates,  the  ratio 
of  vapour  pressure  and  amount  of  chloroform  absorbed  at  each  stage 
could  be  shown. 

The  method  of  ^^ variable  vapour  space"  has,  however,  two  working 
disadvantages,  which  caused  us  in  the  end  to  abandon  it  and  replace  it 
by  the  method  of  " constant  vapour  space"  The  first  objection  is  that 
the  amount  of  solution  taken  is  small,  hence  it  is  difficult  to  mea<iure  it 
with  accuracy,  and  to  make  it  equal  on  the  two  sides. 

The  second  objection  is  that  at  the  low  concentrations  the  increase  of 
volume  for  a  small  fall  in  pressiu'e  is  very  large,  and  hence  the  deter- 
minations become  inaccurate,  a  small  error  in  pressure  reading  making 
a  large  deviation.  The  values  for  high  pressures  are  also  inaccurate, 
but  for  a  different  reason ;  these  readings  are  t^ken  with  small  volumes 
of  vapour  space,  and  unless  the  vapour  spaces  are  accurately  equal  on 
the  two  sides,  there  is  a  large  disturbance  due  to  inequality  in  pressure 
of  the  previously  dissolved  gases  pumped  off  on  the  two  sides. 

The  results,  however  in  the  intermediate  pressures  are  accurate  and 
are  given  below,  as  they  confirm  those  given  by  the  other  method. 

Method  of  " Constant  Vapour  Space" — In  using  this  method  we  have 
always  introduced  a  volume  of  5  c.c.  of  the  solvent  on  one  side,  and 
5  c.c.  of  a  solution  of  known  strength  on  the  other,  and  have  invariably 
adjusted  the  levels  so  that  at  the  temperatures  of  observ^ation  there 
was  a  vapour  space  of  exactly  5  c.c.  on  each  side. 

In  some  cases  we  have  started  with  a  saturated  solution  of  chloroform 
and  have  then  made  dilutions  of  difterent  percentages  of  that  solution, 
in  the  manner  described  below.  In  the  later  experiments  we  found  it, 
however,  more  expedient,  on  account  of  knowing  the  exact  concentra- 
tion directly,  to  prepare  a  solution  of  known  strength,  say  1  per  cent., 
and  for  the  more  dilute  solutions  to  use  various  percentage  dilutions 
of  this  stock  solution.  The  more  concentrated  solutions  were  obtained 
by  making  up  solutions  varying  by  1  per  cent,  in  strength,  and 
^  per  cent,  differences  were  got  by  mixing  these  with  each  other  in 
equal  proportions.  For  percentages  less  than  0"1  per  cent.,  a  0*1 -per- 
cent, solution  was  first  prepared  by  making  a  ten-fold  dilution  of  the 
1-per-cent.  solution,  and  this  01-per-cent.  solution  was  then  diluted 
similarly  to  the  l-per-cent.  solution. 
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In  working  with  tbe  aolutions,  it  ia  indispeasahk  tliat  due  ivucss- 
tiona  be  taken  against  toss  by  ei^cape  of  chloroform  into  the  air  duru^ 

the  various  manipulations. 

If  a  p^irtion,  for  €^ample,  of  a  stock  fiolutton  of  known  etren^  It 
pipetted  o^  for  use  in  the  densimeter,  and  then  the  stock  bottle  U 
merely  stoppered,  the  air  space  over  the  portion  of  solution  left  in  ih 
bottle  rapidly  ^tecomes  charged  with  chloroform  vapour  at  tbe  expen* 
of  the  stock  solution,  and  a  second  sample  taken  later  from  tbe  smd? 
lK)ttle  will  be  found  to  be  weak  and  give  a  wrong  result.  The  war  m 
guard  against  this  is  to  fill  the  bottle  with  mercury  up  to  the  nev*k 
immediately  after  drawing  off,  and  at  once  stopper  up.  Similar  deneta 
were  employed  in  all  dihitioiis  to  complete  the  process  out  of  contact 
with  air. 

The  stock  solutions  were  made  bj  direct  weighing,  by  dropping  from 
a  fine  pipette,  into  graduated  glass-stoppered  flasks  of  25,  50,  or  100  i\c. 
caf)adty,  ficeorcling  to  the  amount  required^  immediately  filling  up  lo 
the  mark  with  tbe  particular  solvent,  arid  setting  at  once  upon  a  slowlj 
rotating  disc,  driven  at  such  a  rate  that  tbe  cblorofurm  globule*  k'lvf 
jii^t  time  to  tall  through  the  solution  each  time  the  Hu:?k  is  inverttM. 
In  thi:?  waVj  a  rapid  solution  i^  effect ed^  so  saving  much  time.  Furth^^ 
in  certain  cases  sucb  shaking  is  indispen^^ahle,  for  a  solution  ni 
hivmoglobin  left  in  contact  with  even  a  small  amount  of  chloroforni 
without  continuous  shaking  soon  forms  a  precipitated  layer  at  the 
bottom. 

The  stock  solutions  were  kept  carefully  stoppered,  unless  at  the 
moment  of  introducing  the  pipette  to  remove  a  portion  for  experiment, 
and  then  the  space  within  the  bottle  was  always  tilled  to  the  stopf>er 
with  mercury  in  the  manner  al)0ve  described. 

We  found  much  difficulty  owing  to  leakage  of  chloroform  during 
dilution  in  the  case  of  the  strengths  intermediate  between  tbe  st<xk 
strengths,  until  it  occurred  to  us  to  make  these  dilutions  in  the 
densimeter  itself.  For  this  purpose  we  always  placed  the  mercury 
level  at  10  c.c.  below  the  stopper,  on  the  side  of  the  densimeter  in 
v.'hich  the  mixing  was  to  be  carried  out,  then  the  proper  amounts  of 
the  two  solutions  necessary  to  give  the  desired  strength  was  drawn 
up  in  two  graduated  pipettes  and  run  into  the  densimeter  tu]>e,  the 
stopper  was  then  inserted,  including  only  a  minute  bubble  of  air,  and 
now  by  thorough  agitation  of  the  iron  stud  through  the  fluid  bv 
means  of  the  electro-magnet  a  thorough  mixing  of  the  two  fluids  wa- 
attained,  then  by  raising  the  mercury-holder  and  slightlv  easing  the 
stopper  5  c.c.  were  allowed  to  escape,  the  mercury  level  being  place*! 
/ict'fzrately  at  5  c.c.  A  seaV  oi  meTewcv  ww^  dually  dropped  in  above 
the  stopper,  and  so  tbe  dWwUow  vra^  ^^eeiXvi^. 
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For  example,  to  obtain  a  dilation  of  1*5  per  cent.,  5  c.c.  of  1-per-cent. 
solution  and  5  c.c.  of  2-per-cent.  solution  were  drawn  off  into  pipettes, 
placed  in  the  densimeter  and  mixed  as  above  described ;  to  obtain  a 
0'4-per-cent.  solution,  6  c.c.  of  the  solvent  were  taken  and  4  c.c.  of 
a  l-per-cent  solution,  and  similarly  treated ;  to  obtain  a  003-per-cent. 
solution,  7  c.c.  of  solvent  and  3  c.c.  of  0*  1-per-cent.  solution  were  taken, 
and  so  on. 

Certain  of  our  experiments  were  carried  out  at  room  temperature 
and  others  approximately  at  body  temperature  (40"*  C.) ;  the  following 
protocols  and  accompanying  curves  show  some  of  the  typical  results 
obtained,  which  have  been  confirmed  in  most  cases  by  duplicates  : — 

Variable  Vapour  Space. 

Experiment  1. — Distilled  water  containing  approximately  0*78  per 
cent,  of  chloroform.  Half  a  cubic  centimetre  was  introduced  into 
each  tube  of  the  densimeter,  of  the  chloroform  water  on  one  side  and 
of  the  same  distilled  water  without  chloroform  on  the  other.  The 
temperature  at  which  the  experiment  was  carried  out  was  17"  C, 
and  the  volume  at  which  readings  of  pressure  were  taken  varied  from 
2 — 50  c.c.  The  percentage  of  chloroform  in  the  water  was  not  known 
directly,  but  was  calculated  by  extrapolation  of  the  curve  showing 
V.P.,  see  Curve  1,  ^g.  3. 

Fig.  3. 
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The  following  table  gives  the  results  of  the  experiment,  which  are 
also  shown  graphically  in  Curve  1,  fig.  3,  in  which  the  abscissfie  show 
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pressiinea  of  diloroform  vapoiu  smd  the  ordjnate*  the  pnxliict  of  tk 
vohime  and  pressure  of  vapour.     In  Curve  1,  fig,  4,  the  same  e; 
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(Proportion  to  percentage  by  weight  of  chloroform  in 
vapour  space.) 


iiient  is   shown  with  pressures  of  chl(>n>foi-m  vaj)our  as  abscissa 
percentage  of  chloroform  dissolved  at  each  pressure  as  ordi nates  : 
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Experiment  1. — Distilled  Water. 
Temperature  17**  C. 


Pressure 
of  chloro- 

' Percentage 
1  by  weight 
of  chloro- 
form in 

Weight  in 

Weight  in 

Percentage 

Coefficient 
of  dis- 

Volume 

form  in 

grammes 
ot  chloro- 
form in 

grammes 

by  weight 

tribution 

of  vapour 

▼apour 

ot  chloro- 

of chloro- 

between 

space. 

space  in 

Jk\/&   1  lA      A** 

form  in 

form  in 

▼apour 

mm.  of 

▼apour 

▼apour 

Solvent. 

solvent. 

space  and 

mercury. 

1      space. 

i 

space. 

solvent. 

2 

74-61 

i    0-04957 

0  00099 

0-00293 

0-586 

1  :  11  -8 

3 

CO -62 

,    0-04027 

0  00121 

0  00271 

0-542 

13-4 

5 

51-29 

0-03408 

0-00170 

0  -00222 

0.444 

13-0 

6 

47-69 

0-03168 

0  00190 

0-00202 

0-404 

12-7 

7 

43fJ8 

1    0  02862 

0  00197 

0  00196 

0-390 

13-6 

8 

38  91 

0  -02686 

0  00207 

0  -00186 

0-370 

14-3 

9 

36-98 

0  02390 

0-00215 

0  -00177 

0-364 

14-8 

10 

34.-86 

0-02283 

0  -00228 

0  00164 

0-328 

14-4 

12 

28-83 

,    0-01915 

0-00230 

0-00162 

0-324 

16-9 

15 

26  16 

1    0-01738 

0  00263 

0  -00129 

0-258 

14-8 

20 

22-62 

0-01603 

0  00301 

0-00091 

0  -182 

12  1 

25 

17-65 

i    0-01173 

0  00293 

0  00099 

0-198 

16-9 

30 

15-84 

0-01052 

0  -00316 

0-00076 

1      0  -152 

14-5 

35 

14-37 

0  00954 

0  00334 

0  -00058 

0-116 

12-2 

40 

12-43 

0-00836 

0-00334 

0  -00058 

0  116 

13-9 

45 

11-87 

0  00787 

0-00354 

0  -OO038 

0  076 

9-7 

50 

10-54 

,    0-00700 

0-00350 

0  00042 

0-084 

1 

12-0 

^^^^^^^^^^^^^g 
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E^jyt-riment  2, — Serum  containing  approximately  1*65  per 

e^il 

chloroform,  the  amount  being 

determined  by  extrapolation  of  Curre^ 

fig,  3.    Experiment 

conducted 

in  all  respecta  simi 

wyXj  to  Experimefit  fl 

Graphic  records  of  results  shown  by  Curve  %  in  figs,  3  and  4, 

J 

Experiment  2.— 

-Serum, 

d 

Temperature  18*  C. 

n 

FrfMure 
of  cMora- 

by  T^eiirht 

of  chloKJ- 
fonn  it) 

Weight  in 

Weight  in 

Fei^ntAge      of  lilt- 

Yolume 

of  Tapour 

f  <^rm  in 

YSpOliT 

of  clllrvTO- 

fonu  in 

gramme* 

pf  rhloro- 

of  chlpto*      betweefi 

Vp^f}. 

mm-  of 

Tiponi- 

irapour 

form  in 
Eolrent. 

lofTO  in         Tmft^nx 

mercutj. 

»pai?«. 

ffpac«. 

1 

,     115 '63 

0  ^07655 

0'CKIJ77 

0  OLI746 

I  -if  2           1 

1&*5 

I'h 

111  "&5 

0157405 

OlK'lll 

Oi.Ki7J2 

1-124           ! 

11**2 

2 

Ui4'27 

0  iMMn 
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11}  i* 
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(1  04 187 

0'^Mi4i^* 

iJ  Oi 004 
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35 
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Experiments  with  Constant  Fapour  Space. 

Expeiiment  3. — Saline  solution  containing  0*75  per  cent,  of  sodium 
chloride,  and  approximately  0*95  per  cent,  of  chloroform,  determined 
from  product  of  pressure  and  volume  after  pumping  off.  Five  c.c.  of 
the  saline  introduced  on  one  side  as  a  control  and  5  c.c.  of  the 
chloroform  solution  on  the  other,  and  a  vapour  space  of  5  c.c.  being 
formed  on  each  side.  Temperature  of  experiment  15°  C.  The  results 
are  shown  graphically  in  Curve  1,  fig.  5. 


Fig.  5. 
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Expcriiaant  3, — Salme. 
TemperatTiro  15'  C* 
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Experiment  4. — Serum  containing  approximately  3'33  per  cent,  of 
chloroform  determined  as  in  Experiment  3.  Experiment  performed 
similarly  to  Experiment  3  and  temperature  also  15*'  C.  Besults  plotted 
in  Curve  2,  fig.  5. 


Experiment  4. — Serum. 
Temperature  15°  C. 


Percentage 

Pressure  of 

Percentage 
by  weight  of 

chloroform 

pumped  off 

mto  vapour 

space. 

Percentage 

GoeiBciont  of 

by  weight  of 

chloroform  in 

by  weight  of 

distribution 

chlorofonn 

vapour  space 

chloroform 

betirceu 

originaUy 

in  mm.  of 

remaining  in 

vapour  space 

introduced. 

mercury. 

solution. 

and  solvent. 

0  0083 

0-66 

0-0004 

0-0079 

1  :  19  -7 

0  0107 

1-82 

0-0012 

0-0155 

12-8 

0  -0333 

2-74 

0-0018 

0*0315 

17-5 

0-0666 

6-66 

0-0045 

0-0621 

13-8 

0  0999 

8-59 

0-0057 

0-0942 

16-5 

0  1332 

10-85 

0-0073 

0  -1259 

17-3 

0  1666 

13-28 

0-0089 

0-1577 

17-7 

0  1999 

15-54 

0-0104 

0  -1895 

18-2 

0  -2332 

16-96 

0  -0113 

0 -2219 

19-5 

0-2665 

18-37 

0  -0123 

0-2543 

20-7 

0  -2998 

19-19 

0  -0128 

0-2870 

23-4 

0  -3331 

22-49 

0  0150 

0  -3181 

21-2 

0-6662 

43-02 

0-0281 

0  -6381 

22-7 

0  -9993 

63-15 

0  0422 

0  -9571 

22-7 

1  -3324 

82-16 

0-0550 

1  -2774 

23-5 

1-6655 

95-30 

0-0638 

1-6017 

25-1 

1  •il986 

101  -64 

0-0680 

1-9306 

2S-4 

2  -3317 

110-53 

0-0740 

2  -2577 

:  30-5 

2-6648 

115-30 

0-0771 

2-5877 

:33-6 

2  -9979 

117  -53 

0-0786 

2-9123 

:37-l 

3  -3310 

120-41 

0-0810 

3-2500 

:40  1 

4-0 


a*5 


5-0 


tb 


.9  2-0 


bis 


■c. 


■ 

■ 

\ 

■^^ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

^H 

M.                   ~    1 

Hi 

1 
408                    VtoL  B.  M.iore  and  Mr.  H.  E.  Roaf.            [Apr.  It 

m 

E£j>aiw€ni  5,^-Sdme  eontaimng  0*75  per  cent,  of  sodium  chloride, 
mid  ihe  amounts  of  chloroform  ihown  in  the  t-able,  the  tuajdmuin  bai^ 
0^8  per  cent,  originally  in  solution.     In  this  and  succeeding  expeii 
ments  the  amount  of  chloroform  was  knowm  directly  by  weighing  out 
as  described  above.     The  temperature  in  this  and  succeeding  exp«ri- 
menu  was  40^^  C»     The  reaulte   of  this  experiment  ate  sbowo  in 
Curve  1,  fig.  6. 

Pis.  6. 

T 1 

I 

^  Mfl 

' 

^  49 

jj 

Id 

~^ 

~  Jrj 

/I 

1  J 

,^^ 

\ 

1 

i      ' 

t 

\ 

_l^ 

t 

i 

' 

1 

1 

! 

; 

1 

1 

1 

i,   . 

( 

C^ 

irv 

isHflefriogto^ 

•■■"l. 

I 

'  1  - 

'     1 

po 

ut. 

bn  hefe  becarrt      :J 

f 

1  / 

I 

— 1 

M 

Cori 

kible  on  aroouic  cf  ? ' 

t 

\  i 

bi 

^ 

prK.ttitd£eaf 

; 

r 

J 

^~ 

!  1 

H^ 

W>b«^J 

1 

^^^-k^-^^^ 

1 

J 

1 

ii    i 

1 

>" 

1 

J  , 

i 

f 

, 

1 

-•'' 

^   ^ 

r 

. 

1/ 

>^ 

k 

r^ 

' 

-- 

- 

'■'! 

^ 

!   i 

1  [ 

_<* 

^ 

1 

1  ' 

^ 

uJ  .. 

'  1  _  _^ 

-^ 

^ 

1 

-i-r 

Curvtu 

S^int) 

1 

.^-; 

1^ 

"^ 

-.f*^ 

i 

1 

,-^ 

r" 

,.l- 

'^ . 

, 

^ 

'    j- 

,-' 

^■ 

^"' 

1  .-  .^ 

""  ^  n 

L'^:!:^^^'  I-- 

—  |-  -  4 

■    _ 

'     '  -i'''*^T^T  *'~" 

! 

^•i^^  '    ^ 

1      i 

\ 

5 

0 

to 

0 

IS 

<? 

21 

» 

£. 

30 

« 

)0 

:* 

-^-Prei*3ure  ]n  ni,fn.  of  Mercury ,^ — *- 


L904.]     Properties  of  SoltUions  of  Chloroform  in  Water,  etc,        409 

Experiment  5. — Saline  (0*75  per  cent.). 
Temperature  40"  C. 


Percentage 

Pressure  of 

Percentage 
by  weight  of 

chloroform 

pumped  off 

into  vapour 

space. 

Percentage 

Coefficient  of 

by  weight  of 

chloroform  in 

by  weight  of 

distribution 

chloroform 

vapour  space 

chloroform 

between 

originally 

in  mm.  of 

remaining  m 

vapour  space 

introduced. 

mercury. 

solution. 

and  solvent. 

004 

1175 

0  -0722 

0  -0328 

1:4-6 

0  06 

20-59 

0-0127 

0-0473 

1:3-8 

0-08 

23-29 

0-0143 

0  0657 

1:4-6 

0  1 

29-35 

0  -0181 

0-0819 

1:4-5 

0-2 

65-62 

0-0404 

0  1696 

1:40 

0-3 

99-83 

0-0615 

0-2385 

1:3-9 

0-4 

129-11 

0-0795 

0-3205 

1:4-0 

0-5 

166-04 

0  -1022 

0  -3978 

1:3-9 

O-fJ 

196-05 

0-1207 

0  -4793 

1  :40 

0-7 

224  04. 

0-1379 

0  -5621 

1:4-1 

08 

262-52 

0-1616 

0-6384 

1:4-0 

JSxperiment  6. — Serum  containing  amounts  of  chloroform  shown  in 
table  by  direct  weighing.     Kesults  shown  in  Curve  2,  fig.  6. 


Experiment  6. — Serum. 
Temperature  40°  C. 


Percentage 

Pressure  of 

Percentage     | 
by  weight  of 
chloroform     i 
pumped  off 
into  vapour 
space. 

Percentage 

Coefficient  of 

by  weight  of 

chloroform  in 

by  weight  of 

distribution 

chloroform 
originally 

vapour  space 
in  mm.  of 

chloroform 
remaining  in 

between 
vapour  space 

introduced. 

mercury. 

solution. 

and  solvent. 

0-04 

6-80 

0  0042 

0  0358 

1:    8-5 

0-05 

8-51 

0  -0052 

0-0448 

8-6 

0  06 

11-64 

0  0072 

0  0528 

7-3 

0  08 

15-09 

0  0093 

0  0707 

7-6 

0-1 

19-74 

0  -0122 

0-0878 

1: 

72 

0-15 

34-12 

0  0210 

0  1290 

6-1 

0-2 

47-27 

0  0291 

0  1709 

5-8 

0-3 

77-43 

0  0477 

0-2523 

5-3 

0-4 

91-46 

0  -0563 

0-3437 

6-1 

0-5 

105  -31 

0  0663 

0-4337 

6-5 

0-6 

149  -54 

0  0921 

0-5079 

5-5 

0-8 

205-22 

0-126 

0-674 

5-3 

1-0 

240-49 

0  148 

0-852 

5-8 

1-5 

317  -74 

0-195 

1-305 

6-7 

2  0 

329-75 

0-203 

1-797 

8-9 

2-5 

889  -81 

0-209 

2-291 

10-9 

8-0 

332  -36 

0-205 

2-795 

18-6 

3-5 

382-00 

0-204 

8-296 

16-2 

4-0 

857-08 

0-220 

8  780 

,       V 
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Eijiermmi    7. — Solution    of    luvmoglobin,    of    ecjuaJ    strength  k 

haemoglobin  to  blood  from  whieh  obtiiiiiotl,  and  coutaiiiljig  tk 
amounts  of  chloroform  showii  in  tho  table*  Thx^  results  arc  sboirtt 
graphically  by  CuTV©  3  of  fig.  6. 


Eacjieriment  7. — Haemoglobin  Solution. 
Temperature  40'  C. 


Pefl^BHl(^g^* 

Prctoauro  of 

PcFGetniagio 

bj  weight  of 
tkJoPoform 
pumped  oiF 
into  T&pour 

P(?iH?etjUf;e 

Oi^fll^ierat  of 

by  iffei^ht  Qi 

fflilarfifDnn  in 

bj  wcigbt  of 

dietribiitioii 

tjliloTofona 

THpour  t^aee 

1     ehlarofomi 

between 

orJgiDuIlj 

in  mm.  uf 

rcif mining  in 

rapcuir  »{)&(v 

iuti^uced. 

mercurj. 

BoJulitm. 

And  AjK-^nt, 

0-02 

8-85 

0-0018 

n  01  h2 

1  :  10^1 

0^04 

7*»1 

0*0045 

0'03&5 

\i    711 

0iJ6 

U-J» 

O-OO80 

on)5H 

1:    6^ 

0  06 

17-7© 

0-0110 

OOeiDo 

1=  i^ 

0  1 

22  34 

0  *0138 

0*C«03 

1:    6^ 

0*2 

4S  8S 

0  -0270 

0-1730 

1:6* 

oa 

62-01 

0  0382 

0  -2r>iH 

1  :    6*8 

LJ'l 

1J3  ID 

0  'Uo73 

0LV137 

1   ;      &-9 

0*5 

114  I'l 

U■f^707 

0  WWi^ 

1   :     G-2 

u^n 

i:it;i7 

0  imo 

li-3lfia 

1  ;  *;*2 

O'Ji 

K'7   1D 

o-i2ia 

0  'G7aT 

\  I    Ti^ 

i-o 

222  lU 

Oi;i7J 

0'SfJ21* 

1  :     0'3 

l^B 

262  -s*; 

mi;u 

1  -auMis 

1  :     ^5*3 

^^ 

269 'tXl 

0 -1650 

1  ^S35U 

1  :  11    1 

IV, — Si'l'ililili's  i>J  (,'(i<»,i  ill  S>  iiuit  and  Jlannxjlohin  in  ry>6inr>  i.f 
f'hIor(>J"rui. 

Il  wii.s  thoui::hl  tliat  surh  compounds  as  are  .shown  by  the  aln^w 
exj)eiinieiits  to  ])e  formed  between  ehlorof(jrni  and  serum  or 
h:emogl()bin  sohuion,  mii,du  interfere  with  the  carriage  of  oxygen  aii<l 
carbon-dioxide  by  the  blood.  Accorcb'ngly,  experiments  were  carric^l 
out  upon  serum  and  luomoglobin  sohuions  to  test  this  point. 

A  volume  of  about  500  c.c.of  serum  or  of  ha-moglobin  solution  obtained 
as  f(jr  tlie  experiments  in  Section  3,  was  completely  deprived  of  gases  by 
exhaustion  witli  a  Topler  pump  at  40  C,  afterwards  saturation  with 
air  or  air  and  carbon-dioxide,  was  carried  oiU  uj)on  two  cqtial  volimie? 
contained  in  similar  bottles  to  one  of  which  a  sulHcient  (quantity  vi 
chlorofoim  was  added  to  make  a  1-per-cent.  solution,  while  the  otbe: 
served  as  a  control.  The  gases  dissolved  in  each  case  were  then 
collected  by  means  of  the  Topler  ptunp  as  before,  and  analysed. 

The  results  thrcaighout  were  negative,  and  thtis  proved  a  forfion 
that  i\t  the  ana^^sthetisiug  values  chloroform  does  not  depress  the 
solubility  of  the  respiiatory  ^asea  \\\  xXx'i ^>\Qv.Oi.. 
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As  an  example,  an  experiment  with  serum  shaken  up  with  a  mixture 
of  air  and  carbon-dioxide  may  be  quoted  : — 

A  volume  of  500  c.c.  of  serum  was  exhausted  as  above  described. 

(a)  A  volume  of  150  c.c.  of  this  serUm  was  poured  into  a  500  c.c. 
stoppered  bottle,  and  shaken  up  with  a  mixture  of  air  and  carbon- 
dioxide. 

Exhaustion  and  analysis  of  the  gases  in  70  c.c.  gave  the  following 
results  at  14**  C.  and  759  mm. : — 

CO2  41-2  C.C.,  0  =  1-4  C.C.     N  =  5-4  c.c. 

ip)  A  second  voliune  of  150  c.c.  of  the  exhausted  serum  treated 
exactly  similar,  but  with  1*5  grammes  of  chloroform  added,  gave  the 
following  results  from  70  cc,  at  the  same  temperature  and  pressure ; — 

CO2  41-4  cc,  0=1-8  cc.     N  -  6-4  cc 

There  was  obviously  a  slight  leakage  of  air,  but  the  figures  arc 
suflBcient  to  show  that  there  is  no  appreciable  change  in  the  solubilities 
due  to  the  presence  of  the  chloroform. 

Summary  and  Conclusions, 

1.  We  believe  that  the  experiments  recorded  above  justify  the 
conclusion  that  chloroform  forms  an  unstable  chemical  compound  or 
physical  aggregation  with  the  protoids  experimented  with,  and  that  it 
is  carried  in  the  blood  in  such  a  state  of  combination.  Since  proteids 
build  up  the  protoplasm  of  living  cells,  it  appears  to  us  probable  that 
chloroform,  and  other  anaesthetics,  must  form  similar  combinations 
with  protoplasm,  and  that  anaesthesia  is  due  to  the  formation  of  such 
compounds  which  limit  the  chemical  activities  of  the  protoplasm. 
The  compounds  are  unstable,  and  remain  formed  only  so  long  as  the 
pressure  of  the  anaesthetic  in  the  solution  is  maintained.  Such 
compounds  are  formed  not  only  by  haemoglobin  but  hy  serum 
proteid,  and  hence  the  position  taken  by  the  anaesthetic  in  haemoglol^in 
is  not  that  of  the  respiratory  oxygen.  This  is  further  shown  hy  the 
fiict  that  the  oxygen-carrying  power  of  haemoglobin  is  not  interfered 
with  in  presence  of  chloroform. 

The  effect  of  chloroform  upon  various  forms  of  protoplasm  will  form 
the  subject  of  future  experiments. 

The  facts  upon  which  we  rely  as  proofs  of  the  formation  of  a 
compound  or  aggregation  between  chloroform  and  serum  proteid  or 
haemoglobin  may  be  summarised  as  follows  : — 

(a)  Chloroform  has  a  much  higher  solubility  in  serum  or  haemoglobin 
solutions  than  in  saline  or  water. 

(Jb)  Even  in  dilute  solutions  at  the  same  pressure  the  amount  of 
chloroform  dissolved  in  serum  or  haemoglobin  solution  is  cowavdRx^V^ 
higher  than  in  saline  or  water. 
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(c)  The  curve  of  pressurca  and  concentrations  in  the  case  of  water 
AHfl  sfiline  is  a  straight  litie,  while  in  the  caso  of  somm  and  ha^mtiglobln 
sohition  it  is  a  curve,  showing  ftssociatiou  at  the  higher  presetiris* 

(J)  In  the  case  of  iernni,  chloi-oform  causes  a  naarketl  op^lescenee. 
and  also  a  slow  precipitation  nt  room  ten^peratnre  (IS"*  C),  nnfl  at 
body  temperature  (iO"  C.)  a  rapid,  though  iji complete  precipitntiDfi, 
In  the  case  of  haemoglolnn,  1*5 — 2  per  cent,  of  chloroform  causes 
a  change  of  colour  and  commencing  precipitation  at  rocjm  tempcratore, 
which  ijecomes  almost  complete  in  the  thermostat  at  40*  C*,  while 
5  per  cent,  and  oyer  causes  complete  precipitation  even  at  0"  C. 

2.  Tlie  relations  between  cIiloTofonn  pressure  and  concontratacn 
in  solution  hAve  been  worked  out  throughout  a  long  range,  from  below 
the  antesthetising  vahiea  (8 — 10  mm,)  to  nearly  saturation  in  the  ca« 
of  water,  aalinCj  and  serum. 

Attention  may  bo  drawn  here  to  the  important  practical  fact  ibnx 
with  the  same  percentage  of  chloroform  in  the  air  breathed,  serum  or 
Inemoglohin,  and  therefore  the  blood,  will  take  up  much  more  chlon> 
form  than  would  water  or  saline  tinder  eqiial  conditions.  Thus  at  the 
anaesthetising  pressure,  and  at  10  C,  the  c<X'fficicnt  of  distributicn  in 
the  cuf^e  tif  water  and  saline  is  approximately  4  0,  while  that  of  scninj 
is  7*3  ;  at  room  iemj>er;Uurc  (ITr  C.)  th<^so  {.oelTimMit^  bcenmc  ^"^  ^  arn] 
1T*3  respectively. 
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"  On  the  Changes  of  Thermoelectric  Power  produced  by  Magneti- 
sation, and  their  Relation  to  Magnetic  Strains."  By  Shelford 
BiDWELL,  M.A.,  ScD.,  F.AS.  Received  April  11, — Read 
AprU  28,  1904. 

Summary, 

It  is  well  known  that  magnetisation  generally  produces  a  change  both 
in  the  thermoelectric  quality  of  a  magnetisable  metal,  and  also  in  its 
linear  dimensions.  In  an  article  published  in  October,  1902,*  I  directed 
attention  to  the  remarkable  qualitative  correspondence  which  appeared 
in  several  cases  to  exist  between  the  two  classes  of  phenomena,  and 
the  experiments  which  form  the  subject  of  the  present  paper  were 
undertaken  with  the  view  of  investigating  their  apparent  relation. 
Some  of  the  results  were  of  an  unexpected  character.  The  accepted 
statements  regarding  certain  thermoelectric  effects  to  which  in  this 
connection  special  importance  was  attached,  turn  out  to  be  at  least  not 
generally  true,  and,  as  far  as  my  own  observations  go,  altogether 
erroneous.  Several  experimenters  appear  to  have  been  misled  by 
regarding  as  unmagnetised  a  piece  of  metal  which  either  retained  some 
permanent  magnetism  or  was  continuous  with  the  piece  subjected  to 
magnetisation.  WTiat  they  in  fact  observed  was  not  the  thermoelectric 
power  of  magnetised  with  respect  to  immagnetiscd  metal,  but  that  of 
more  strongly  magnetised  with  respect  to  less  strongly  magnetised; 
and  the  effects  may  be,  as  will  appear,  directly  opposite  in  the  two  cases. 
Probably  also  mistakes  have  arisen  from  the  assumption  that  for  a 
lengthened  period  the  electromotive  forces  in  the  circuit  underwent  no 
changes  other  than  those  due  to  magnetisation.  It  is  hardly  possible 
to  keep  the  temperatures  throughout  so  nearly  constant  as  to  avoid 
gradual  changes  of  electromotive  force  considerably  greater  than  those 
which  it  is  desired  to  measure.  In  my  own  work  careful  precautions 
were  taken  against  both  these  sources  of  error ;  before  every  observa- 
tion the  metal  was  demagnetised  by  reversals,  and  the  galvanometer 
reading  for  no  magnetisation  was  noted. 

Although,  as  mentioned,  some  of  the  chief  grounds  which  formed 
the  basis  of  my  conjecture  as  to  a  possible  relation  between  the  thermo- 
electric and  the  strain  effects  have  disappeared,  strong  evidence  is 
nevertheless  forthcoming,  that  for  iron  and  nickel  there  is  such  a 
relation,  and  that  not  merely  qualitative  l)ut  quantitative.  As  regards 
one  important  detail  there  is  an  unexplained  inconsistency  in  the 
behaviour  of  the  two  metals,  but  the  coincidences  observed  in  both 
cases  are  too  numerous  and  too  varied  to  be  the  result  of  accident. 

Iron, — For  iron,  when  allowance  is  made  for  the  purely  mechanical 

•  *  Enc^'.  Brit.,*  vol.  30,  p.  440,  article  *^  Ma^c^tUTv^.?' 
VOL,  LXXIIL  1  Cx 
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compression  due  to  magnetisation,*  the  change  of  thennoelectric  po¥if 
appears  to  be  proportional  to  the  change  of  length.  Change  of  ihena^ 
electric  power  expressed  in  microi^oltfi  is  nearly  (and  perhaps  iiiidflr 
perfect  experimental  conditions  ironld  be  exactly)  numerically  eqn^  lo 
the  "  corrected  "  change  of  length  m  t en-mi llionths  multiplied  hf  « 
factor  which  is  constant  for  the  same  specimen  in  the  some  phyiioi 
condition,  but  diflfera  for  different  specimens,  and  for  different  phy^ied 
conditions  of  the  same  specimen.  For  my  sample  of  pure  iron  Tb« 
ui  a  free  statOj  the  factor  giving  the  l>est  agreement  is  183  x  10^^;  Ux 
a  sample  of  good  commercial  iron  it  is  63'6  k  10~^  ;  and  for  the  ^m 
iron  stretched  by  a  load  of  1620  kilogrammes  per  sq.  cm.  it#i  valiM  ■ 
112x10"^,  The  eiuvea  esrpreasing  the  relations  of  thermoelectr^ 
power  and  of  change  of  length  to  magnetising  force  are  not  indeed 
exactly  coincident,  as  may  be  seen  by  reference  to  figs.  4  and  ^>  •  ^'^' 
since  identical  specimens  of  the  metal  were  not  used  in  the  tt^  > 
experiment?!,  while  the  conditions  were  necessarily  somewhat  diifensiit* 
the  <livergencies  can]iot  but  bo  regarded  as  very  small  -  sometiiEis^ 
indeed,  they  hardly  exceed  the  limits  of  experimental  error^  Hn 
thermoelectric  and  the  elongation  citrrea  for  iron  appear  to  be  simiUHf 
infiiiunccd  Ifv  the  physical  conditioti  of  the  metal ;  I  have  shownt  ibat 
the  cloni^ntinii  ctirve  is  lower  for  annealed  than  for  nnannealeil  vtm* 
and  that  tun.silc  strusig  al,so  lowers  the  curve  ;  the  ^anic  \s  the  Ciisc  ^*ith 
the  curves  of  thernn^electric  power.  The  strength  of  the  magnetic 
field  at  whirh,  h?  indicated  by  the  corrected  curve,  there  would  W^  m 
change  of  length  urnlcr  tensile  ^stresjs^  appears  to  be  jnst  the  same  la 
that  at  which  the  thermuelei^ trie  force  becomes  zero;  when  this  strength 
is  exceeded,  retraction  iscetn-^  instead  of  elongation,  rind  a  simultanentis 
reversal  occurs  in  the  direction  of  thti  thcrmtielectrie  force.  L" alike 
previiiiL^  expcriujentertj  1  find  thsit  when  the  iron  is  free  fnim  tenjil* 
stress  the  direction  of  the  therni*jeleetric  force  is  never  reverse*!  by 
magnetisation^  even  in  fields  np  to  1600  C.G-S.  units  ;  neither  do«^ 
the  curve  of  change  of  length  when  **  corrected ''  for  nieehauical  stre» 
ever  cross  the  horizontal  jixis. 

Nifkrh — ^Farlly  on  account  of  tho  smaller  magnetic  susecptibility  oi 
nickelj  and  partly  in  consequence  of  the  relatively  grcnat  changes  <»l 
length  whii'h  that  metal  UTider^oes  when  longitudinally  niagneti;?^!, 
the  correct ii in  tor  mei:hanical  stress  is  almost  neijligihle,  averagiti^* 
less  than  3  per  cent,  for  fiehls  up  to  1:100,  Here,  too,  the  forms  of  ibe 
curves  for  change  of  length  and  change  of  thermoelectric  p^wer  in 
relalion  to  H  are  strikiuL^ly  alike  (sec  fi^.  7),  the  correspondence  \^\m 
even  closer  thiui  in  the  Crise  of  iron.  Fi^r  a  Hjiecimeti  uf  ](ure  nicVd 
the  increase  of  thernn.iclecin<'  power  in  microvolts,  due  to  magiRUisi' 

*  It  is  ft  rLiapi(ti?il   [rajTit  whclhfP  thtjre  fH-tuallv  is  uny  such  iTompress'oa      Tttt* 
»ubji?ct  it  diff  uaeetl  later^ 
f  '  Rot.  S^c.  Troc,;  To\.  oo,  ^  — "^^  ^^^^  v  v.jl.  47,  \)-  Wj^.  1^^- 
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■aion  in  any  field  up  to  1600  (the  strongest  reached),  was  found  to  be 
kibout  equal  numerically  to  the  retraction  in  ten-millionths  multiplied  by 
L45  X  10"*.  The  eftrves  for  two  pieces  of  an  impure  nickel  also  exhibit 
general  similarity  of  form,  but  since  the  dimensional  ratios  (ratio  of 
sngth  to  cross  section)  of  the  two  pieces  are  very  different,  the  curves 
^re  not  strictly  comparable.  The  changes  of  thermoelectric  force  are, 
Eke  the  changes  of  length,  much  greater  for  nickel  than  for  iron. 
ETensile  stress  produces,  as  in  iron,  corresponding  variations  in  the  two 
Masses  of  curves.  The  effect  of  tension  upon  the  magnetic  retraction 
td  nickel  is,  as  I  have  shown  in  a  former  paper,*  not  so  simple  as  in  the 
mae  of  iron.  In  weak  fields  the  contraction  is  diminished  by  tension  ; 
D  fields  of  more  than  about  150  units  the  contraction  is  increased  by 
■Bnsile  stress  up  to  a  certain  critical  value  of  the  stress  depending 
Kpon  the  strength  of  the  field,  and  diminished  by  greater  tension. 
Chua  it  happens  that  the  retraction  curves  for  a  wire  loaded  with  two 
lifferent  weights  may  cross  each  other.  In  one  of  my  published 
•oqperiments  the  retraction  curves  for  a  nickel  wire  carrying  loads  of 
t20  and  of  980  kilogrammes  per  sq.  cm.  crossed  when  H  reached  220. 
With  nearly  the  same  loads,  the  two  curves  of  thermoelectric  force  also 
crossed,  though  in  a  weaker  field,  H  being  only  150.  Wire  of  the 
mkiae  quality  was  used  in  both  experiments,  but  in  the  first  it  was 
ijird,  while  in  the  second  it  was  annealed,  which  may  or  may  not 
fc«  the  reason  of  the  difference.  In  any  case,  it  is  interesting  to  find 
Siis  complex  and  unexpected  phenomenon  qualitatively  reproduced  by 
«]ie  thermoelectric  curves. 

The  anomaly  above  referred  to  consists  in  the  fact  that  the  direction 
irf  the  thermoelectric  force  due  to  magnetisation  is  the  same  for  nickel 
Ls  for  iron,  whereas  length  is  affected  (Oppositely  in  the  two  metals, 
»>n  being  extended,  nickel  contracted. 

Cobdli, — For  cobalt  I  have  not  succeeded  in  finding  any  relation 
fc^etween  the  thermoelectric  and  dimensional  changes  attending 
magnetisation.  The  thermoelectric  curve  somewhat  resembles  that 
tor  nickel,  but  it  is  much  lower.  The  strain  curve  is  opposite  in 
-laracter  to  that  of  iron ;  in  weak  fields  the  metal  contracts,  in  strong 
Kelds  it  is  elongated. 

Nomenclature. 

When  the  direction  of  the  thermoelectric  current  between  two 
Petals,  A  and  B,  was  from  A  to  B  through  the  hot  junction,  it  was 
^rmerly  the  custom  to  say  that  A  was  positive  to  B,  and  B  negative 
io  A;  bismuth,  for  example,  was  said  to  be  thermoelectrically  positive 
io  antimony.  Of  late  years  this  custom  has  to  a  large  extent  been 
!^versed,  and  the  terminology  is  at  present  in  an  unsettled  condition, 
following  what  I  believe  to  be  the  best  modern  authorities,  I  shall  in 

•  *  Roj.  Soc.  Proc.,*  vol.  47,  p.  474,  IS^, 

^  C,  ^ 
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this  paper  speak  of  a  metal  A  as  being  pt^itive  to  B  when  the  thi 
current  passes  from  A  to  B  thmiigh  the  ro!d  jiinctjoin  ur  fmia  E  U 
through  the  hot.     The  themioelectric  power  of  bismuth  wiih 
to  lead  is  thus  ncgatiTe,  while  thiit  of  Antimortj  is  p>sit]v& 

Prerimtjit  Restarthti, 

The  results  of  my  own  experiments  compel  me  to  dissent  ft^wn 
of  the  conclusions  which  have  l>een  reached  by  other  workers. 
discrepancies  iioticcd  are,  I  think,  in  most  cases  due  to  the  fact 
referred  to^  that  the  thermoelectric  hehavioiu'  of  weakly  m. 
with  respect  to  strongly  magnetised  iron  and  impure  nickel  maf 
very  different  Irom   that   of   the  unmagnetised   with  Fesped  ^> 
niagnetissed  mctaL 

The  earliest  ohservations  of  the  i^ffocts  of  magnetisatioti  upon  ih 
electric  power  are  thoae  of  Professor  W,  Thomson  (Lord  Ki^di 
who  in  1 856*  anuoiinced  that  raagnetisatiou  rendered  ii\>n  tmA 
podtive  to  the  unmagnetised  metals  (the  thenno- current  psissijig 
nnniagrietisefl  to  magnetised  through  hot),  while  iu  nickel  the  uppi'si'* 
effect  ^^  as  produce*!.  The  Litter  statement,  though  it  hiis  iieTeTi  V 
believe,  been  dispnti'd,  is  Ik  voiid  doubt  erroneous.  Iron,  stt^l  ?JW 
nickcL  when  fnt^  fnmi  iiiech;init;;U  stiei^s,  all  IjLvume  more  p'Jj^iHTf 
wlit'fi  niai^ncti>tHb 

The  elTccts  of  tensiou  I'lnd  niiignetisatioii  \\\i^n\  tht*  thi*nn(flM^ 
quality  of  iron  have  been  invest igate<i  l»y  K\viiig,T  wh**  foitjui  iW 
' ^  the  p r [."SI ^  1 1 1  f  of  b  j. id  ( 11 1 n  i  n i  ^ h  l^s  t he  gci i e ri tl  t  be  n u i  n  *  1  c r.T  r i o  t* ^\*^^  ^ 
m^ignetisutinn,  :vn<l  fiiiJiUy  revenues  it  when  the  b(;id  h  gf^^* 
Although  tlii-^  liup|iL'ns  to  be  a  correct  statL-^niCut  rjf  liic  fiicu*  i^  * 
1  VL^ntiuc  to  tliink,  cxri^cdingly  dnulitftil  whrLhcr  ;t  ^i.-nuine  rt?Tir'^ 
w;ts  actujdly  sitt^dncd  in  :i  fwVX  uf  only  17  tuats.  xh%^  stiimgt'?t  iipii'*^ 
by  lowing,  even  with  u  loud  nn  the  wire  of  4000  kUtigrrmitiif^  p* 
Sij.  cm,  From  the  dt-srviption  nf  the  MpparnlUi^  (p.  l\^yb)  it  ;ip[^'* 
that  the  pit'c^^  tkf  wire  f'^^ri'ih^d  ms  iinnKii^iu-tiscd  wa^  eoiitinuMU?  i^' 
the  magiieti>f<l  portion,  tlie  hot  junction  se})arating  the  ni;ij:iu'^- 
from  the  unm;'L;netised  iron  ]>eing  just  outside  the  nKii:ncti>ini:  r.vl. 

Chassagny:J:  was  tlie  iirst  to  announce  that  tlie  iiicre..M'  of  i\x'X^ 
electric  powci*  due  tt)  magnetisation  I'eaches  a  maximum  in  a  rn'  1-::' 
field  and  diminishes  in  stionger  tields.  In  Ins  experinu-nt  the  c^-' 
nmtive  fi)rce  was  gieatest  in  a  lield  of  55  units,  falling  :<>  al.out  l.i.: 
maxiuium  value  in  a  field  of  "JUO. 

In  a  similar  cxpe:  iiiieiit  hy  Iloullevigue^  a  nuiximuni  \\:is  :r<lic. 
at   H  =  42,  and  at   II  =  352  the  increase   »»f  therm<tc4ectri«.    h\'C^  < 

*    l!akiM-ian  Lrcture.  '  Phil.  TraDS.,'  ISo^i,  ]>.  722. 
f   'Phil.  Trans.;  188K.  y.  3»U. 

>    •  ,\  owru .  v\e  V\\\  ^\^\wv> '  \  ^\ .  o .  y  •  ^'^ « \*^^i'^^ . 
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aagnetisation  had  apparently  become  zero.  His  paper  contains  no 
»rd  of  an  actual  reversal  of  the  force  in  stronger  fields,  though  the 
bability  of  such  reversal  is  suggested.  My  experiments,  which 
e  made  with  several  different  specimens  of  iron,  show  no  approach 
:ero  in  fields  nearly  five  times  as  strong  as  that  mentioned.  As 
Lrds  the  behaviour  of  steel,  Houllevigue's  results  are  at  variance 
1  with  those  of  W.  Thomson  and  with  my  own. 
[r.  E.  fihoads*  has  given  an  account  of  two  thermoelectric 
eriments,  one  of  which  was  made  with  iron,  the  other  with  nickel, 
work  having  been  undertaken  "  in  looking  for  some  property  of 

that  would  vary  with  the  magnetisation  in  the  same  way  as  the 
;th."  After  referring  to  the  experiments  of  Chassagny,  and  to 
le  of  Houllevigue  "  who  found  that  the  diminution  [of  thermo- 
tric  force]  continues  in  higher  fields,  and  that  a  reversal  actually 
is  place,''  he  remarks  that  '^  this  suggests  change  of  length,  and 
le  me  wish  to  work  out  the  cyclic  curve  for  comparison  with  it." 

cyclic  curve  which  he  obtained  exhibits  hysteresis,  and  bears  a 
3ral  resemblance  to  one  given  for  change  of  length,  though  the 
er  is  not  carried  beyond  H  =  90.     The  thermoelectric  curve  for 

is  represented  as  crossing  the  axis  of  H  at  H  =  400,  continuing  to 

in  an  almost  straight  line  up  to  H  =  500,  the  strongest  field 
lied.  Rhoads  considers  that  it  agrees  with  the  curve  for  change  of 
;th  when  the  latter  is  corrected  for  "  Maxwell's  stress  "  (which  is 
m  as  B^/4ir)  being  apparently  unaware  of  the  fact  demonstrated  by 
'e,  and  afterwards  by  Klingenberg,  that  the  corrected  curve  never 
ses  the  horizontal  axis.  The  thermoelectric  curve  for  nickel  is 
wn  in  Rhoads's  diagram  as  lying,  like  the  curve  for  change  of  length, 
»w  the  horizontal  axis  (in  agreement  with  Thomson's  experiment), 
le  for  iron,  both  the  thermoelectric  and  the  corrected  length  curves 
above  the  axis.  **  The  two  properties,"  he  says,  "  turn  out  to  be 
ted  in  the  opposite  sense  in  the  two  metals."  As  regards  form,  the 
lel  curves  for  change  of  thermoelectric  power  and  change  of  length 

of  the  same  character,  even  though,  as  is  remarked,  they  are  not 
jtly  comparable,  being  made  with  very  different  specimens.  No 
ition  is  made  of  Maxwell's  stress  in  relation  to  nickel. 


Mechanical  Stress  dm  to  Magnetisation. 

tefore  describing  the  experiments  it  is  desirable  to  discuss  briefly 

controverted  question  of  compressive  stress   which   has  such  an 

ortant  bearing  upon  the  results.     In  a  paper t  on  the  changes  of 

*Phy8icftl  Review,'  toI.  15,  p.  321.     This  paper  was  published  about  2  months 
•  than  my  article  above  referred  to.     Mj  experiments  were  be^Mxv  Vi^iort^  V\!k»^ 
•d  of  Mr.  Rhoods's  work. 
'FhiL  TrarjB.,'  vol.  179,  p.  216,  1888. 
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dimeneioni  due  to  magnetisHtion,  publiilied  in  1888,  I  wrote 
of  the  inHuencea  tending  t€  produce  retraction  must  eertainlj  \md\ 
purely  mechaincal  nature.     Suppose  a  tmiformiy  iiMLgnetised  rod  to 
trans veraely  divided  through  this  middle.     The  two  haH^es,  if 

end  to  end,  will  be  held  together  by  their  mutual  attmction^  p 
against  each  other  mth  a  eert^iii  fotxie  per  uuit  of  area,  which  c&b 
measured  by  the  weight  necessary  to  teiir  one  half  from  the 
The  same  pressure  will  exist  between  any  two  portions  of  thf  nrf 
Beparated  by  any  possible  cross  section,  and  a  certain  loiigitnthurf^ 
contraction  of  the  rod  will  Im  the  consequence.  If,  now,  the  r^ 
having  been  first  demagnetised,  lie  placed  in  a  vertical  position  upuo 
fixed  base,  and  loaded  at  the  upper  end  with  a  weight  equal  %q  \l 
greatest  it  could  support  when  magnetised,  it  will  undergo  the  oa 
contraction  aa  before,  the  [compressive]  stresses  being  equal  in  the  tft 
caaee.'^  It  is  pointed  out  that  in  the  latter  e^ise  the  contractioa 
expressed  as  a  fraction  of  the  original  length  hj  P/M,  M  bd 
Yonng^s  modulus,  and  P  the  load^  both  in  grammes  weight  | 
squnrc  centimetre.  Assuming  the  magnetisation  to  1:*e  such  that  iW 
divided  rod  can  just  support  a  weight  of  P  grammes  per  sqturt 
centimetre,  it  is  inferred  tiiat  tlie  contraction  due  to  the  mechanic^ 
effeiii  of  m;igMt'tifijition  would  t\,p\u\  be  P/M^  antl  it  i.^  shown  thAt  tk^ 
ucLnnut^a  fur  a  jinrt  only  of  the  obi^erved  change  ni  length*  In  la 
earlier  pipe i*  it  was  vakiilated  that  P,  the  weight  persf|Uiire  centim<?tre 
suppurtittl  ill  the  field  li,  wa^  ei^ual  to  (:J-I-  + HI)  ^r,  I  lieini:  ibf 
mai:iiutisation,  and  fj  the  inteTisity  of  gravity.  This  c-vprc.'^^ion  (whivi 
h  ifjuivnknt  tu  (B-  -  H-')  S-^/),  is  applioalile  when  the  m.ignt^tic  meuJ 
is  nia^nctlsed  InugituiliiriMy  and  nniftirnily  l>y  an  t.^\tiTiial  Jielii,  rk^  vt 
approximately  the  Ciisc  in  the  experiments  witfi  wliulj  the  pre^tit 
psiprr  ifi  Ciltieerneil,  where  tiiu  wiresi  were  placed  in  the  axis  ol  ^'^^ 
independent  magrjctii^iTig  coil.  For  the  spt^eial  ease  in  whieh  each  Wt 
of  the  diviiled  rod  is  surrounded  Ityaseprmite  magnetising  eoil  wrrtp|«l 
tightly  around  it,  another  term.  If-  iS^,  muirst  be  added  for  the  nnu'iii 
h^xVm  of  th^  two  coih^  ajid  wu  shall  have 

S-  ^^  8- 

Ab(s   for  a   permanent   rin^j-maguci,  in  ^vhieh  there  is  no  ma^aieni 
force  II, 


T 


li  :'      W 


li  rihoiild  be  nutieed   that  sinec,  exetpi  m  very  strong  fields  H*il 
lH*^'Jigihlu  in  euniparison  with   IIV  the  foree  in  the  tir:^t  catje  consider^ 

•  ^  Uoj ,  ^oc .  Y  tut.,'  s  t*V,  \"i .  ^  >  .v^^,  \*i>^.. 
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^'JtD»Y  generally  without  sensible  error  be  taken  as  B^/Stt,  instead  of 

^<<B2-H^)/87ror  27rP  +  HI.* 

In  the  year  1895  it  was  pointed  out  by  More,t  who  was  apparently 
ignorant  of  what  I  had  written  on  the  subject,  though  he  was  certainly 
'  familiar  with  most  of  my  work,  that  the  change  of  length  attending 
magnetisation  must  be  due  to  several  causes,  among  which  are  the 
mechanical  stresses  created  in  the  rod.  *'  The  first  of  these  mechanical 
stresses  is  the  tractive  force  of  the  magnet,  and  is  measured  by  B'^/Stt." 
This  force,  he  remarks,  tends  always  to  contract  the  rod,  and  for  high 
intensities  becomes  one  of  the  most  important  factors  in  the  observed 
ehanges  of  length.  In  plotting  his  curves  (in  which  abscissae  are  I 
instead  of  H)  he  makes  ''correction  for  the  contraction  due  to  the 
B^/Stt  force.     This  correction  is  obtained  from  the  formula 

where  M  is  the  modulus  of  elasticity.  The  effect  of  this  correction  is 
to  make  the  elongation  much  greater  for  a  given  intensity.  The 
maximiun  value  of  the  elongation  is  more  than  twice  as  great  as 
the  observed  maximiun,  and  the  greatest  intensity  employed,  1300 
C-G.S.,  produces  an  elongation  and  not  a  contraction  as  observed." 

The  publication  of  Morels  paper  led  to  a  discussion!  in  which  several 
well  known  physicists  took  part ;  but  the  views  expressed  were  by  no 
means  concordant,  and  I  believe  that  at  the  present  time  it  is  not 
agreed  whether  there  is  in  fact  any  such  mechanical  stress ;  whether, 
supposing  one  to  exist,  it  is  compressive  or  tensile,  and  whether  it  is 
"  Maxwell's  stress "  or  some  other.  The  compressive  stress  which  I 
contemplated  was,  of  course,  quite  imconnected  with  MaxwelFs  theory 
of  stress  in  the  electro-magnetic  field,  and  the  expression  employed  for 
its  value  was  based  upon  principles  which  were  well  known  long 
before  the  date  of  Maxwell's  work.§ 

Several  papers  have  been  more  recently  published!!  in  which  the 

•  *  Phil.  Mag./  vol.  29,  p.  440,  1895.  The  difference  due  to  the  term  H-/8jr  is, 
when  H  =  500,  0*05  per  cent. ;  when  II  =  900,  0'16  per  cent. ;  and  when 
H  ==  1400,  0-35  per  cent. 

t  *  Phil.  Mag./  vol.  40,  p.  345,  1895. 

t  *  Nature,'  vol.  63,  pp.  269,  316,  365,  462,  533. 

§  The  magnetic  force  inside  a  narrow  transverse  gap  in  a  longitudinally 
magnetised  bar  is  B  =  fi  +  4irl.  Supposing  one  ]X)rtion  of  the  bar  to  be  fixed,  the 
force  acting  upon  the  face  of  the  other  portion  is  less  than  B  by  2irr,  the  part  due 
to  the  far-e  itself;  thus  the  attractive  force  per  unit  area  =  (B  — 27rl)  x  I  « 
2«'I^-»'HI.  The  stress  between  any  two  portions  of  a  magnetised  bar,  divided  by 
an  imaginary  transverse  plane,  is  sustained  by  the  intermolecular  springs,  whatever 
their  physical  nature  may  be,  to  which  the  elasticity  of  the  metal  is  due. 

II  Klingenberg,  *  Rostock  Univ.  Thesis,*  Berlin,  IS^I  •,  "BttxcY^^X.,  "^Vv^^.  "^^^.^ 
Tol  5,  p.  257,  1897;  Bboadg,  loc.  cit. 
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writers  iiiaist  upon  the  neca^sity  of  correcting  curvafi  of  niagnetle 
for  mecbanical  stress.  Brackett  attributes  tb©  recognition  ol  ^ 
necessity  to  Rowland,  who,  he  sayij  defended  hia  position  iis  followa  i— 
The  compressive  force  which  will  tend  to  close  up  a  ven'  thin  air^ 
in  a  divided  magnet  must  exist  in  any  magnet,  for  aeoording  to  aU 
ideas  of  matter  there  is  no  real  difference  in  the  case  where  the  air^ 
exists  and  where  it  does  not,  l>ecaiiae  we  must  still  consider  the  pp 
between  the  molecules. 

I  venture  to  think  that  the  results  of  my  thermoelecmc  axperimaiv 
with  iron  nnd  nickel  adbrrl  strong  evidence  of  the  reiditj  d  tii 
mechanical  stress  in  qnestiou.  Before  luiy  comparison  is  possible  betniiK 
the  two  phenomena  of  change  of  length  and  ehauge  of  thennoeleetik 
poweff  considered  as  due  to  the  molecular  effects  of  magnetisadoiif  it  il 
clear  that  the  e fleet  of  any  extraneous  mechanical  action  tendiiig  to 
alter  the  length  of  the  meud  mn^t  be  eliminated.  The  stress  unter 
discussion,  if  it  exists^  is  for  our  present  purpose  no  less  an  extraneoQI 
one  than  if  it  were  produced  hy  fofiding  the  metal  with  a  we^|l 
Conjecturint^  that  there  might  '^e  a  relation  between  the  therniQelecliic 
and  the  strain  efTects  of  magnetisation,  1  plotted  curves  lor  the  two 
phenomena  side  by  side  (see  curves  (D)  and  {h\  fig.  4) ;  but  althotiij 
these  curves  bear  a  supcrfitiid  rcflcmblaTice  to  each  othei\  it  is  clt*ar  ihit 
thu  pheinmiena  U\  which  thuy  rclaie  are  by  no  means  in  C4)rresjx>ndenc*. 
In  particular,  one  curve  cuts  the  axis  at  an  early  stage,  indicaiinff  \ 
reversifl  of  .sign,  while  the  other  appears  to  become  asymptotic.  Curre 
id)  w-hicTi  is  draw'n  to  the  same  scale  as  curve  (^)  intiicate^,  in  ten- 
mill  ioj  it  hs  of  Icrsgthj  the  corriTtion  ta  be  made  in  respect  of  iH? 
hypotheiii  al  i  onipressii>n  due  to  niechtanical  stress  ;  its  ordi nates  -^rt 
proportional  to  PM,  P  being  the  greatest  iv eight  which  (as  fmmd 
experimentally)  could  be  lifted  when  the  iron  was  magnet i*^ed  by  ibe 
corrcs^pondini^^  ficM,  M  being  YLaui^smo<iulus.  Adding  together  curre* 
(^0  -md  (/^),  we  get  the  ''eifrrcL-ted"  curve  (K),  which,  as  will  be  seei]. 
coincides  with  the  thermoelectric  curve  (D)  as  nearly  as  eould  be 
expected  under  the  conditions  of  the  experiments. 

Still  more  striking  is  the  case  of  the  wire  under  tension^  curves  (F' 
and  (/)  lig.  5.  Here  there  is  not  even  a  superficial  resexublance  ,  tb* 
ciu-ve  for  change  of  length  is  an  almost  straight  line  inclined  to  tbe 
horizontal  axis  and  lying  entirely  below  it,  while  the  thermoelectric 
curve  begins  aliove  the  axis  and  crosses  it  at  H  =  450.  By  making 
the  same  addition  for  !<tress  ass  in  the  former  case,  curve  {d)  being  agiuQ 
employed  fur  the  puqiusc^  we  obtain  a  corrected  curve  of  len^tht 
indicated  by  the  crosses  on  curve  (F),  which^  when  the  on:li nates  i« 
plotted  to  a  snitHl)le  scale,  closely  follows  the  thermoelectric  ciu-ve  (F», 
and  would,  if  it  were  continued  a  little  farther,*  evidently  meet  the 
axis  at  just  the  same  point. 

•  All  the  curves  for  change  of  leiitith  referred  to  in  this  paper  have  appeared  in 


1904.]        Thermodect^Hc  Power  produced  hy  Magnetieaiion.         421 

So  far  the  presumption  in  favour  of  the  reality  of  the  compressive 
stress  appears  to  be  fairly  strong,  but  it  is,  I  think,  greatly  strengthened 
by  the  results  obtained  for  nickel.  In  fig.  7  (L)  and  {k)  are  curves 
of  change  of  thermoelectric  power  and  of  change  of  length  for  this 
metal.  There  is  obviously  a  strong  likeness  between  the  two,  though 
they  lie  on  opposite-  sides  of  the  axis.  Curve  (n)  is  derived  from  (Jc) 
simply  by  inverting  the  latter  and  plotting  the  ordinates  to  a  slightly 
different  scale.  The  inverted  curve  is  seen  to  be  throughout  its  whole 
length  almost  a  counterpart  of  the  thermoelectric  curve;  and  this 
although  it  has  not  been  "  corrected "  for  compressive  stress.  Why 
then  should  the  correction  which  is  indispensable  for  iron  be  un- 
necessary for  nickel  1  The  answer  is  that  while  for  iron  the  calculated 
correction  for  mechanical  stress  is  relatively  very  considerable,  for 
nickel  it  turns  out  to  be  very  small,  so  small  as  to  be  negligible.  The 
changes  of  length  indicated  by  the  compression  curve  for  iron,  (cQ, 
fig.  4,  are  generally  much  greater  than  those  indicated  by  the  curve  (6), 
to  which  the  correction  is  to  be  applied ;  and  the  two  curves  have  very 
different  forms.  On  the  other  hand  the  compression  curve  for 
nickel  (m),  fig.  7,  is  an  almost  straight  line  making  a  very  small  angle 
with  the  axis  of  H,  the  changes  of  length  which  it  indicates  amounting 
to  not  more  than  2  or  3  per  cent,  of  the  changes  exhibited  by  the 
uncorrected  curve  for  corresponding  fields.  Both  curves,  moreover, 
rise  gradually  from  the  origin  to  their  highest  points.  Thus  it  happens 
that  the  uncorrected  and  the  corrected  curves  for  nickel,  if  referred 
respectively  to  scales  of  ordinates  so  chosen  that  the  two  curves  may 
be  of  the  same  height,  are  sensibly  identical.  Curve  (n)  may  be 
regarded  either  as  the  uncorrected  or  as  the  corrected  curve,  according 
as  the  ordinates  are  referred  to  the  scale  given  in  the  right-hand 
margin  or  to  a  different  scale  in  which  each  unit  is  very  slightly 
increased. 

Thus  the  absence  of  any  need  for  the  correction  in  the  case  of  nickel 
where  a  primi  it  ought  not  to  be  required,  tends  to  tfhow  that  the 
success  of  its  application  in  the  case  of  iron  is  not  a  mere  accident,  and 
that  the  compressive  stress  is  consequently  a  vera  causa. 

Apparatus  and  Methods  of  Experiment, 

Two  methods  of  experiment  were  employed.  In  the  one  the 
thermoelectric  force  of  the  magnetisable  metal  in  conjunction  with 
copper  was  opposed  by  a  similar  couple  in  which  the  first  metal  was 
unmagnetised  ;  in  the  other  it  was  opposed  by  an  electromotive  force 
derived  from  a  battery. 

The  arrangement-  adopted  for  Method  I  is  shown  diagrammatically  in 

fonner  communications  to  the  Bojal  Society.      It  is  unfortunate  in  the  present 
connection  1  hat  some  of  the  experiments  were  not  carried  further. 
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fig.  1,  which,  for  the  sake  of  clcnrnesa,  le  not  drawn  to  scale.  AB  is  > 
eom pound  rod  mftde  by  soldenng  together  end  to  end  five  strsi|:k£ 
wires  in  the  order  {1)  copper,  (2)  iron  (or  other  mfignetie  metaT), 
(3)  copper,  (i)  iron,  (5)  copper.  The  length  of  each  iron  wire  J!,  St 
is  10  cm*,  and  that  of  the  copper  wire  between  them  ISi  cni.  The 
middle  and  end  portion  a  of  the  rod  are  surroiindai  by  three  saparaU 
brass  tubes,  in  the  aides  of  which  are  inlet  pipes,  C,  G,  H,  D.  and  outlei 
pipes,  E,  K,  Fp  for  the  admission  and  egress  of  writer  and  fiteam,     Hi* 


rod  is  held  axially  in  the  tubes  by  well-tallowed  corks,  through  which 
it  passes,  each  of  the  four  copper-iron  junctions  being  exactly  opposite 
an  inlet.  Cold  water  enters  at  C  and  D  and  emerges  at  H  and  F  ; 
steam  from  a  snuiU  boiler  is  admitted  at  G  and  li,  escaping  at  K.  It 
was  ascertained  experimentally  that  with  the  low  i-esistances  and 
small  electi'omotive  forces  employed  water  was  a  good  insulator.  Thf 
iron  wire  M  is  magnetised  ])y  the  coil  W.  The  field  at  X  due  to  the 
coil  is  less  than  a  hundredth  ])art  of  that  in  the  interior  of  the  coil. 
and  is  regarded  as  negHgil)le  ;  l)Ut  if  the  apparatus  were  to  l>e  re 
constructed,  F should,  with  my  present  experience,  consi<ler  it  desirable 
to  increase  the  distance  lictween  M  and  X.  The  two  ends  of  the 
compound  rod  AJ>  were  joined  to  a  galvanometer  T  of  low  resistance. 

Method  II  is  diagrammatically  illustrated  in  fig.  L\  AJ>  consists  ot 
a  wire  or  strip  of  the  magnetic  metal  M  soldered  between  two  copper 
wires  ;  it  passes  throi^di  two  short  and  wide  l)rass  tul)es  provided  witli 
corks  at  their  ends.  Inlet  and  outlet  tubes  are  fitted  to  the  c«jrks,  as 
shown  in  the  diagram,  C  admitting  cold  water  and  G  steam.  CoM 
water  also  flows  through  I),  F,  to  equalise  the  temperaiures  at  A 
and  B.  The  electromotive  force  of  the  thermo-couple  is  opposed  hv 
the  potentiometer  arrangement  shown.  S  is  a  dry  cell  having  an 
electromotive  force  of  T-iG  volt.  The  low  resistance  r  was  either  10 
or  2  ohius.  ;  the  high  vesislawcG  \\  \A\\e,^d  (\'ow\  ifiome  hundreds  to  some 
thousands  of  ohms  in  iIac  diVleYewX.  e^^^Vwcv'^v.V"?^.    ^^^^yt*^  v\\\  ^^c^^Tvxssstwt. 
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was  begun,   R  was  adjusted  until  the  galvanometer  T  showed  no 
deflection  when  the  circuit  was  closed,   though  a  small  permanent 
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current  was  really  of  no  consequence.  The  deflection  (or  increase  of 
deflection),  which  occurred  when  M  was  magnetised  was  thus  entirely 
due  to  the  change  of  thermoelectric  force  by  magnetisation. 

The  aperiodic  galvanometer  T,  which  was  placed  at  a  distance  of 
o'5  metres  from  the  magnetising  coil,  is  of  the  form  designed  by  Ayrton 
-and  Mather;  the  resistance  of  its  moving  coil  together  with  the 
suspension  is  4*70  ohm.  In  most  of  the  experiments  the  distance 
between  the  mirror  and  the  scale  was  12  feet  (3*66  metres),  when  the 
deflection  for  1  microampere  was  found  to  be  54  scale  divisions  of 
^j^tli  inch  (0-0645  cm.). 

Two  magnetising  coils  were  used ;  one  is  1 1  '5  cm.  in  length  and 
contains  876  turns  of  No.  18  wire,  the  field  near  the  middle  of  its 
interior  due  to  1  ampere  being  92  units.  The  length  of  the  other  is 
20*4  cm.,  and  the  number  of  turns  of  wire  2,770 ;  1  ampere  produces 
^  field  of  174  units  in  its  interior.  The  magnetising  current  was 
derived  from  a  battery  of  27  storage  cells  and  was  measured  by  a 
moving-coil  ammeter,  reading  from  0 — 15  amperes  by  tenths.  The 
ammeter  was  calibrated  by  comparison  with  a  tangent  galvanometer, 
and  the  readings  were  foimd  to  be  sufficiently  accurate  for  the  purpose 
in  view.  Currents  of  more  than  15  amperes  were  measured  by  the 
engine-room  ammeter ;  but  on  accoimt  of  their  excessive  heating  eflect 
such  strong  currents  were  used  in  only  a  few  of  the  experiments. 

TJie  E^eriments, 

Iron, — The   results   of   experiments  with  two  different  samples  of 
iron  and  one  of  steel  are  shown  by  curves  (^A!^,  i^"^  ^tA^^\xv*^%,'^^ 
wh&TB  the  ordinatea  are   proportional  to  tYie  Xiem.^Qt^'^^  Ywjrt^svA^  ^ 
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thermoelectnc  force  produced  by  the  applieatioii  of  the  corresponding 
external   field  H.      Cimre  (A)  relatee  to  a  specimen   of   iron  wire 


Fio.  3. — Curves  (A),  (B),  and  (C)  show  changes  of  thermoelectric  force  for  pure 
iron,  comniorcial  iron,  and  steel  rci'pectively.  Curve  (a)  shows  corresponding: 
changes  of  length  for  iron. 


0'28  mm.  in  diameter,  supplied  l)y  Messrs.  J.  J.  Griffin  and  Sons  as 
pure.  Details  of  the  experiment  are  given  as  an  example  of  the 
manner  of  working  : — 

Method  II.— K  -  14,000;  /•  =  10  ohms. 
Coil  No.  1. — II  =  amperes  x  92. 
Temperature  of  cold  water,  14"  C. 

Resistance  of  galvanometer 4*70  ohms. 

,,  leading  wires 0'3y      ,, 

„  potential  coil  100        ,, 

,,  thermo-rod      020      ,, 

Total  resistance  in  circuit     ...    15*29      ,, 

Electromotive  force  of  1  microvolt  gives  1  15  29  mi(.r(^aniperes  = 
54/15'29  scale  divisions,  or  deHection  in  scale  divisions  x  (15-29/54  =  ) 
0-283  =  microvolts. 

Before  every  observation  the  iron  was  demagnetised  ]>y  PI  wing's 
method  of  reversals,  alternating  currents  gradually  decreasing  to  zeio 
being  switched  into  the  magnetising  coil. 

The  ditlerence  of  the  temperatures  <jf  the  water  at    14'  and  of  the 

steam   at    100     was   ^^'^  ;    assuming   that    the  actual  temperatures   of 

the  junctions  were   vespecUve\y    V    v\\>vA'e,  vwwV  Wlow   those  of  their 

rroumUngSy  the   change  oi  l\vcY\\\ovAviv:u\^  Yow^^  lv>\  v?.  '^ys^w  '^^^ 
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may  be  found  by  dividing  the  change  of  microvolts  by  85.  In  all 
the  experiments  the  temperature  of  the  cold  water  differed  little 
from  14^,  the  mean  temperature  being  therefore  57*". 


Table  I. 


!  Amperes. 

G^alvanometer 

Mean. 

H  =»  amperes 

Microvolts 

deflections. 

X  92. 

deflections  x  0'288. 

1 

,       0-35 

28,  28,  28,  29 

23 -3 

82 

8-0 

1        0-8 

31,  33,  84,  32,  32 

32-2 

74 

9  1 

1-0 

34,  33,  33,  33,  31 

33-3 

92 

9-4 

i     1-6 

31,  32,  31,  31,  30 

310 

147 

8-8 

i        2-6 

29,  29,  29 

29-0 

249 

8-2 

4  0 

24,  24,  25 

24-8 

368 

6-9 

5-6 

20,  19,  ^ 

19-7 

606 

5-6 

6-8 

19,  19,  19 

19  0 

626 

6*4 

8-4 

16,  17,  16 

16-3 

778 

4-6 

11  -1 

1 

15,  16 

15  0 

1020 

4-2 

Curve  (B)  was  given  by  a  piece  of  commercial  iron  wire,  which  was 
hard,  springy,  and  easily  broken.  Changes  of  thermoelectric  force, 
like  changes  of  length,  are  greater  for  such  a  specimen  than  for  one 
which  is  purer  and  softer. 

Curve  (C)  shows  the  results  for  a  piece  of  steel  knitting  needle  in 
the  state  in  which  it  was  bought.  The  experiment  was  repeated  with 
the  wire  in  a  glass  hard  state,  but  the  curve  was  almost  unchanged. 

The  dotted  curve  (a),  copied  from  a  former  paper,*  shows  for 
comparison  the  changes  of  length  exhibited  by  an  iron  wire  in  fields 
up  to  1500.  The  main  point  of  difference  is  that  whereas  the  curve 
for  change  of  length  crosses  the  axis  of  H,  indicating  a  reversal  of  the 
sign  of  the  phenomenon  in  moderate  fields,  the  other  does  not.  Two 
other  thermoelectric  experiments,  made  with  different  pieces  of  iron, 
gave  results  of  a  like  character.  Even  with  the  high  field  of  1600, 
which  greatly  exceeds  any  before  used  in  similar  work,  there  is  no 
indication  that  a  reversal  of  sign  would  ever  be  reached. 

The  curves  in  fig.  4  are  intended  to  show  the  effect  of  "  correction  " 
for  mechanical  stress.  The  pieces  of  wire  used  in  the  three  experi- 
ments concerned  were  all  cut  for  the  same  hank,  and  imperfectly 
annealed  by  heating  in  a  Bunsen  flame.  Curve  (D)  is  the  thermo- 
electric ciu-ve  for  the  sample,  and  (b)  the  curve  of  elongation  and 
retraction.!  Curve  (c)  shows  the  relation  of  lifting  power  to  field, { 
the  ordinates  being  referred  to  the  scale  of  grammes  weight  on  the 

•  *  Phil.  Trans.,'  vol.  179,  p.  228,  fig.  6,  1888. 

t  Loc.  cit.,  p.  224,  fig.  6. 

X  '  Roy.  Soc.  Proc.,'  vol.  40,  p.  4^1,  ?i%.  \,\^^- 
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right-hand  margitt  of  the  iliagrariL  Curv6  (J)  indi€at6s  the  t^cmtracH 
tion  ill  ten -million  ths  of  length  due  to  the  meekinical  comprewioitr 
and  is  derived  from  {t)  ba  follows  i — If  P  =  the  weight  suppottcfl  per 


Fio.  4.  —  (D)  bHows  cliauiie  of  theruioelectrie  power;  (i)  change  of  length, 
(r)  lifting  power  ;  (d)  mechanical  compreiision,  de(luo«'d  from  (c).  (E)  = 
(b)  -H  {d),  -ind  is  the  "  corrected  "  curve  of  change  of  length. 

square  centimetre  for  a  given  value  of  H,  as  shown  in  ('),  and  M  = 
Young's  modulus  in  grammes  weight  per  square  centimetre,  the 
mechanical  contraction  in  ten-millionths  =  P  x  10'  M.  The  value  of  M 
is  taken  as  2  x  10''.  (It  might  without  sensibly  atlecting  the  form  vi 
the  curve  have  heen  1*9x10^  or  2*1  x  10',  and  its  actual  value  n<> 
doubt  comes  within  these  limits.)  Hence,  Px  10"  M  =  P/200,  or  the 
mechanical  contraction  in  ten-millionths  is  mmierically  equal  to  the 
grammes  weight  supported  divided  by  200:  ordinates  of  curve  ('/)  a^e 
therefore  simply  P  200.  In  the  following  table  values  of  p  are 
obtained  by  measuring  ordinates  of  curve  ('•) ;  elongations  and  retrac- 
tions (E)  are  similarly  derived  from  the  published  original  of 
curve  (b)* 

Ordinates  of  the  three  curves  (//),  ('/),  and  (E)  are  referred  to  the 
scale  of  ten-millionths  given  in  the  middle  of  the  diagram.  For  the 
sake  of  easy  comparison  this  scale  was  so  chosen  that  the  heights  "i 
the  thermoelectric  and  the  corrected  elongation  curves  (D)  and  (E)  are 
about  equal.     As  before  remarked,  the  close  agreement  between  the 
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Table  H. 
P  =  tractive  force.        E  =  elongation. 


H. 

P. 

P/200. 

E. 

P/200 +  E.   i 

40 

6.650 

88-0 

12-0 

45  0 

GO 

7,000 

85-0 

20-0 

65-0 

70 

7,700 

88*5 

24-0 

62-5 

100 

8,500 

42-5 

28-0 

65-5 

150 

9,500 

47-5 

17  0 

64-5 

200 

10,250 

51-0 

10-0 

61  0 

300 

11,100 

55-5 

-  2-5 

68-0 

400 

11,600 

68-0 

-16-0 

48*0 

500 

12,200 

61  0 

-27  0 

34-0 

600 

12,700 

68-5 

-35  0 

28-5 

700 

13,200 

66*0 

-40-0 

26  0 

800 

1 

13,700 

68-5 

-44-0 

24*5 

curves  can  hardly  be  the  result  of  accident,  the  less  so  as  the  same 
similarity  is  manifested  under  different  conditions. 

Tension  has  the  effect  of  lowering  the  elongation  curve  of  iron,  the 
maximum  becoming  smaller  and  contraction  beginning  at  an  earlier 
stage  of  the  magnetisation.  If  the  tension  is  great  there  is  no 
preliminary  elongation  at  all,  and  the  wire  begins  to  contract  with  the 
smallest  magnetising  forces.      Curves  (e)  and  (/),  fig.  5,*  show  the 


Fio.  5. — Curvo  (Q-)  shows  changes  of  thermoelectric  force  for  an  unstressed  iron 
wire;  (F)  psme  when  the  wire  was  loaded  with  1620  kilogrammes  per  sq.  cm. 
Cunres  (e)  and  (/)  show  changes  of  length  for  iron  loaded  with  351  and 
1600  kilogrammes.  Crosses  on  (F)  and  (0-)  indicate  («)  and  (/)  corrected 
for  mechanical  stress. 

•  *  Koj.  Soc.  Proo.,'  Tol.  47,  p.  474,  %  ^,\^^- 
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cbangea  of  length  undergone  by  an  iron  wire  wheti  loaded  viti 
weights  of  351  aod  1600  kilogrammes  per  sq.  cm.,  the  curve  for  tlae 
first-named  load  being  praeticAllj  the  same  as  for  an  unloaded  wire. 
Curves  (F)  and  (G)  indicate  the  changes  of  thermoelectric  force  witi 
field  for  an  iron  wire,  first  when  loatled  with  1 620  kilogrammes^  pff 
sq,  cm.,  and  afterwards  without  load,  the  points  of  observation  bea^ 
uu^rked  by  dots.  The  crosses  on  (G)  and*  (F)  indicfitc  the  coorse  a 
the  curves  (e)  and  (/)  after  correction  for  mechanical  stiiesB;  dii 
correspondence  is  so  close  that  it  was  impracticable  to  dmw  the 
corrected  curves  separately.  The  vertical  scale  of  the  corrected  cunrei 
is  not  the  same  in  the  two  cases ;  that  for  the  upper  oue  m  ^rvii  a 
the  right-hand  margin,  and  that  for  the  lower  in  the  middle  of  tbe 
diagram.  Data  for  the  construction  of  tbe^e  curves  were  obUuued  in 
the  mime  manner  ae  before^  and  are  given  in  the  annexed  table  : — 

Table  IIL 
P  —  tractive  force  in  grammes  per  aq^  cm.     E  —  elongirition. 
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It  is?  to  be  noted  thdt  the  tlircc  i!et.<^  of  cj(])criiiicnts-  fir  chantri?  *i 
tht.*rmot;lt^rtnc  force^  change  u(  lori|^th,  and  litLiriL;  j<M\vor-^wure  ni-iO* 
Willi  thn.'u  ilillrrcnr  saiuplc^t  nf  iron  wire. 

The  ctTcct  uf  anricnllng  uptm  tlic  chf^nj^cs  of  lengtli  ^oul  of  ilufnay 
electric  force  i^  illiii^tnUi'il  in  fig,  6.  Curve  (n)  sbuwr^  the  clong;uinii  ^4 
ji  wire  ill  the  i^tnte  in  whiih  it  was  lioui^bl/  while  (;V)  itidicjiie^  in 
hchsivionr  .nft*?]*  it  liail  liern  carefully  arniDalud.  Thi^*  u]ieriaion  v*^ 
performed  Ijv  cntloFiiig  the  \vu\'  in  an  ir<»i]  tnhc  wliiih  w;i^  pliteeti  in  * 
hni  firr  and  allnWdl  la  vtm\  *j;rni\nn[[y  a.^  the  tin-  dird  oiii  C'nr'^^  (H) 
«^hiiws  the  changes  of  rlicrninelcriric  force  in  h  jjlure  i»f  iht»  ^;vmc  kiiil 
of  wire  when  in  its  tiri^'lriid  7^U\U\  and  (K)  tlm  nnnlitir!4ti<m  wlii'li 
resulted  from  hcfiting  llic  wire  tu  rciluef?^  in  a  l^iiusen  tiame  m^ 
cooling  it  in  air.  In  both  cH&es  the  effect  of  auriealitig  is  tu  dcprr^s 
the  curve. 
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Fig.  6. — Curve  (H)  shows  changes  of  thermoelectrio  force  in  an  unannealed  iron 
wire ;  (K)  changes  in  the  same  wire  when  annealed.  CurTee  {g)  and  (A)  show 
changes  of  length  in  another  wire  when  nnnnnealed  and  after  annealing. 


A  glance  at  any  of  the  curves  of  thermoelectric  force  for  iron  will 
show  how  easily  errors  might  arise  if  it  were  assumed  that  a  wire  which 
had  been  subjected  to  a  magnetic  field  became  perfectly  demagnetised 
when  the  field  was  withdrawn.  In  all  my  experiments  the  curves 
would  have  been  much  lower  but  for  the  demagnetisation  by  reversals 
before  every  observation.  The  dimensional  ratio  of  the  short  wires 
which  I  used  was  generally  so  small,  and  the  self -demagnetising 
consequently  so  great,  that  an  apparent  reversal  of  thermoelectric  force 
in  strong  fields  did  not  often  occur.  But  in  the  case  of  a  wire  17*5  cm. 
in  length  and  0*026  cm.  in  diameter,  this  spurious  reversal  appeared  in 
fields  above  500.  When  the  demagnetised  wire  was  subjected  to  a 
field  exceeding  this  strength,  there  occurred  a  galvanometer  deflection 
to  the  right,  indicating  a  genuine  increase  of  thermoelectric  force ;  but 
when  the  magnetising  current  was  interrupted,  the  spot  of  light,  instead 
of  going  back  again,  went  still  further  to  the  right,  the  thermoelectric 
force  due  to  the  residual  magnetism  being  greater  than  that  due  to  the 
strong  field.  When  the  magnetising  circuit  was  again  closed  before  the 
wire  was  demagnetised,  the  spot  of  light,  of  course,  moved  to  the  left, 
and  if  the  residual  magnetism  were  disregarded,  it  would  naturally  be 
supposed  that  a  reversal  of  thermoelectric  force  was  indicated.  The 
spurious  reversal  was  also  very  conspicuous  in  the  case  of  the  steel 
wires. 

VOL.  LXXIII.  2  R 
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MdceL — Since  the  effect  of  miigiietieation  upon  a  mekel  rod  or  wm 
is  to  shorten  it,  while»  if  the  "  correction  "  be  admissiUle^  ti^on  ia  aJ«^< 
lengthened  by  magnetisation,  it  vrm  to  Ije  expected  from  fUidog^ 
the  effects  upon  thermoelectric  power  would  be  opposite  m  iron 
in  nickel  In  iron  the  thermoelectric  power  of  the  mA^ieused  iriil 
respect  to  the  anmagnetised  metal  is  posit! 've ;  in  nickel,  thvrt^w%  k 
shotdd  be  negative^  This  view,  though  in  accordance  with  wliftt  ■ 
generally  accepted  as  the  fact^  ia,  however,  at  v^ariance  with  the  raiahi 
of  all  my  e^cperimetits^ 

Five  different  sample  of  nickel  were  used,  curves  for  four  of  chat 
^LX  (M),  (N),  (0),  being  given  in  %.  7, 


7p — CiirT*'^  (L)  and  (M)  sbow  (.'han£^f'-^«f  thiTKusi^Wtru*  fnrfi?  fwr  pur^  mtlfi 
(S)  liiul  (O)  thf  mrrip'  fur  iinpure  nickoL  Ciirvts  |^)  siitH  (!}  giTe  clun^^^i'f 
lptiL*ni,  an*l  rorrp.*i.ioiid  to  (L)  and  (0);  {rt#}s1i8nAs  mfflninirHl  i?tTiuiyire#>''T' ■ 
the  dotttd  cune  in)  h  (k\  inverht)  aod  pfntrfd  to  tin*  s^eiiJe  of  oFdjc*;** 
m  tin'  rttjlit-kiind  mnriim* 


Curve  (L)  relates  tu  a  piece  of  thick  wire  295  mm.  in  (liiimett:. 
bought  of  Messrs.  Johnson  and  Mat  they  as  pure.  The  retra<iix 
curve*  for  another  piece  of  the  same  wire  is  that  marked  (/.). 

Curve  (M)  was  ij;iven  l>y  a  wire  0'65  mm.  in  diameter  ;  this  w;:-  .il-o 
supplied  hy  Messrs.  dohnson  and  Matthey,  and  desciil>e(l  ;us  \K'\:iZ 
"  as  pure  as  conveniently  possihle." 

Curve  (X)  shows  the  result  of  an  experiment  with  a  samjile  of  wrc 
suppliefl  by  Messrs.  J.  J.  GritHn  and  Sons,  which  did  not  purport  iv  < 
pure  and  pro])a]>ly  contains  a  considerable  proportion  of  iron. 
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Curve  (0)  was  obtained  from  a  strip  about  1'4  mm.  wide  and 
0*75  mm.  thick,  which  was  cut  from  a  rolled  sheet  purchased  at  a  metal 
warehouse.  Ciirve  {V)  shows  the  retraction  of  a  strip  of  the  same 
metal  9  mm.  in  width.* 

The  fifth  specimen  was  a  wire  taken  from  a  piece  of  nickel  gauze. 
With  this,  too,  the  magnetised  was  found  to  be  always  thermoelectrically 
positive  to  the  unmagnetised  metal. 

[A  sixth  specimen,  consisting  of  a  wire  3*5  mm.  in  diameter,  has  been 
recently  tested,  with  the  same  result. — May  23,  1904.] 

The  form  of  curve  (N)  which  rises  to  a  maximum  at  about  H  =  150 
suggested  a  possible  source  of  error  by  which  Thomson  may  have 
been  misled,  and  I  therefore  repeated  his  eiq)eriment.  The  arrange- 
ment which  is  shown  in  fig.  8,  is  essentially  the  same  as  that  employed 
by  Thomson.  A  piece  of  CTriffin's  impure  wire  was  bent  into  the  shape 
of  a  horse-shoe,  as  shown,  one  of  the  limbs  passing  through  the  small 
magnetising  coil,  PP;  the  ends  of  the  horse-shoe  were  connected 
by  brass  binding-screws  to  wires  leading  to  the  galvanometer  T.  Heat 
was  applied  at  or  near  Q  by  touching  the  wire  with  a  hot  copper  rod, 
and  when  the  magnetising  circuit  was  closed,  the  galvanometer  T  indi- 
cated a  thermo- current  which  usually  had  the  same  direction  as  in  the 
other  experiments — from  unmagnetised  to  magnetised  through  hot.    It 


Fig.  8. 


was,  however,  found  possible  to  adjust  the  strength  of  the  field  and 
the  position  of  Q  so  that  a  thermo-current  flowed  in  the  opposite  direc- 
tion. This  was  the  case,  for  example,  when  the  field-strength  was  400 
and  the  distance  of  Q  from  the  coil  8  cm.  If  a  slight  change  were 
made  in  the  position  of  Q,  the  application  of  the  same  field  again  pro- 
duced a  current  in  the  normal  direction.  This  deceptive  effect,  which, 
of'  course,  really  occurred  between  more  strongly  and  less  strongly 
magnetised  portions  of  the  metal,  could  not  be  obtained  with  the  piu'e 
nickel  wire,  nor  with  the  wire  taken  from  the  gauze,  which  were  the 
only  other  specimens  tested.  With  an  iron  wire,  however,  it  was  quite 
easily  produced. 

Curve  (m),  fig.  7,  shows  in  ten-millionths  of  length  the  mechanical 
compression  due  to  magnetisation ;  in  comparison  with  that  foe  vtcs^^ 

•  Loc,  cit,,  p.  214,  iig.  4. 
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curre  (^),  fig.  4,  it  \&  seen  to  be  quite  indgiiiGcoiit.     Since  no  experi- 
ments  have  been  made  to  determine  the  liftmg-[>Qwer  of  nickel,  tMi 

was  C4ilculated  from  the  expression  (2rP  +  HI)/^^.  Yalaes  of  I  inft 
obtained  from  a  table  given  by  Emng^  based  upon  rediLltfi  ol  jm  ex|itfi- 
meut  by  Du  Bois  ;*  the  specimen  iBed  was  an  ovoid  iiietead  ci  « 
cylindrical  wircj  but  the  values  might  be  increased  or  diminiahed  \if 
10  per  cent,  ivithotit  influencing  the  corrected  curve  to  any  appreciaUi 
extent.  Young's  modulus  M  was  taken  as  2*2x10^,  apprtiximasii^ 
2175x10^  the  value  foundt  for  nickel  by  H.  Tomlinson  ;  this  also 
need  not  be  very  accurately  kiiowu  for  the  present  purpose.  Table  Vk 
shows  bow  the  ordlnates  of  the  compression  curve  (F/'220)^  and  Uiioee 
of  the  corrected  curve  (R  -  P/220)j  were  determined- 
Table  17. 
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Curve  (//)  wliirh  nearly  coincides  with  the  thermoelectric  curve  (L)  >' 
the  uncorrected  retraction  curve  (A)  inverted  andph)tted  to  the  scale  »'f 
ordinates  in  the  right-hand  margin.  If  the  corrected  eiirve  were 
plotted  to  the  slightly  ditferent  scale  just  within  the  margin,  it  wouM 
he  suhstantially  identical  with  {//),  which  may  therefore  be  regardfi  r»5 
representing  either  the  corrected  or  the  uncorrected  curve  of  rhaniire  -i 
length. 

The  small  ditfereni  e  noticeahle  in  the  forms  of  the  twe)  curves  iOi 
and  (/)  for  the  two  nickel  strips  is  just  such  as  would  he  caused  ]»v  the 
ditFerencc  between  their  dimensional  ratios. 

As  to  the  curves  in  fig.  1^  which  show  a  rem;irkal)le  qualitative 
correspondence  with  regar<l  to  the  complex  effects  of  tensile  stres-', 
nothing  need  l)e  added  to  what  has  already  heen  said.  The  dot:.e«l 
curves  J:  are  of  course  inverted. 

*   •  Magnetic  Tiuluctiou,*  3rd  edit.,   p.  ItU. 

^  '  Kov .  ^  oc .  Y  roe . ;  \  o\ .  AT. ,  ^  •  ^"  '^  ^  ^^^4^-  ''"^  -  ^"^"^  • 
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Fio.  9.— OurTOB  (P)  and  (Q)  show  changes  of  thermoelectrio  force  in  an  annealed 
nickel  wire  when  loaded  respectiyely  with  970  and  44.7  kilogrammes  per  sq.  cm. 
Curves  (o)  and  (p)  show  changes  of  length  for  an  unannealed  wire  when 
loaded  with  980  and  420  kilogrammes  per  sq.  cm. 

Cobalt, — Experiments  are   made  with    two  different  specimens  of 
cobalt,  the  results  being  given  in  fig.  10. 


Fig.  10. —  (R)  and  (S)  show  tliermoelectric  changes  for  cast  and  rolled  oohalt 
respectivelj ;  (q)  shows  changes  of  length  for  the  cast  cohalt ;  (r)  is  the  curve 
of  mechanical  compression. 

Curve  (K),  showing  thermoelectric  changes,  relates  to  a  cast  rod 
supplied  by  Messrs.  Johnson  and  Matthey;  the  change  of  length 
curve  (q)  was  obtained  with  another  piece  of  the  same  rod.* 

This  latter  curious  curve  is  quite  unlike  the  thermoelectric  curve  (R)^ 
•  *  Phil.  Trans.,'  toI.  179,  p.  22B,  &%»  ^,\«^^« 
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and  evidently  cannot  be  made  to  resemble  it  by  applying  the  cckrr^'tke 
for  mechanical  compression.  The  compression  curve  (r)  was  con^roei^ 
lika  tliftt  for  nickel,  from  values  of  I  furnished  hy  Ewing;  Youn^i 
modulus  was  taken  as  2  x  10-^  the  value  found  by  TomUtison'*  fer 
unannealed  cobalt  being  2005  x  10^. 

Hie  thermoelectric  curve  (S)  was  given  by  a  strip  of  rolled  eoUl, 
for  which  I  am  indebted  to  the  kindness  of  Messrs,  Henry  Wiggiii 
and  Co.,  of  Birmingham.  It  is  of  interest  as  indicating  the  simibr 
behaviour  of  a  very  different  sample  of  the  metal. 

If  there  is  any  relation  between  the  thermoelectric  and  the  sttain 
phenomena  in  colmlt,  it  is  obviously  disguised  by  some  cause  which  hu 
yet  to  be  discovered. 


[Nofe  addtii  Matf  23,  1904. — Some  further  experiments  have  been 
made  with   specimens   of   commit   which   had  been  very    thoroughly 

annealed.  For  cast  cobalt  the  chauge-of -length  curve  is  entlrdy 
altered  by  annealLngf  l>e[!oming,  at  least  in  fieUls  up  to  1360  imiCi^  i 
straight  line  represented  by  R  =  0"056H,  wher»s  }\  U  the  rcti%etj<»a  ift 

ten-niillionths.  The  thermoelectric  curve  is  considerably  lowered,  but 
in    other    respects    is    not    much    affected.-    No  relation   between   the 

thermoelectiic  and  the  strain  phenumeiia  could  be  traced. 

From  ail  examination  of  the  curves  in  fig.  10  it  appears  that  the 
tliermoelectric  power  of  the  unmagnetised  with  respect  to  the 
magnetised  cast  co])alt  is  pro[)ortional  to  the  compressive  stress,  and 
consequently  to  the  square  of  the  magnetic  induction.] 

*  '  Rvy.  Soc.  Proe.;  vol.  3y,  p.  530,  18h5. 
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'.  *  Experimental  Determinations  for  Saturated  Solutions."     By  the 
Earl  of  Berkeley.    Conmiunicated  by  F.  H.  Neville,  RRS. 
,  .Eeceived  March  28,— Bead  May  19,  1904. 

(Abstract.) 
I 

The  object  of   this  research  is  the  experimental  determination  of 

;  those  physical  constants  of  concentrated  solutions,  which  are  necessary 

;  for  the   tentative  application   of   the   gas-law   equations.     Saturated 

solutions  were  chosen  because,  presumably,  dissociation  is  relatively 

at  a  minimum. 

This  part  of  the  work  deals  with  the  densities  and  solubilities  of 
the  chlorides,  sulphates,  and  nitrates  of  sodium,  potassium,  rubidium, 
csesium,  and  thallium,  and  also  with  their  respective  alums,  except 
that  of  sodium. 

The  densities  were  determined  by  means  of  a  small  pipette-shaped 
pyknometer,  of  about  5  c.c.  capacity,  the  lower  end  of  which  was 
turned  upwards  and  the  upper,  120  mm.  long,  was  graduated.  This 
was  filled  with  the  saturated  solution  and  weighed,  and  from  the 
known  capacity  of  the  pyknometer,  together  with  the  weight  of  solu- 
tion it  contained,  the  density  was  calculated.  The  solubility  was 
obtained  by  washing  out  the  contents  of  the  pyknometer  and  evapo- 
rating to  dryness,  the  weight  of  salt  left  giving  the  solubility. 

The  densities  and  solubilities  were  determined  in  two  ways.  In 
one  the  saturated  solution,  which  was  in  contact  with  an  excess  of 
salt  and  continuously  stirred,  was  cooled  to  the  temperature  of 
observation  and  the  density  and  solubility  determined.  In  the  other 
an  unsaturated  solution  was  raised  to  the  temperature  of  observation, 
being  continuously  stirred  in  contact  with  an  excess  of  salt  (in  both 
cases  the  solution  is  kept  at  the  temperature  of  observation  by  means 
of  a  thermostat),  and  the  density  determined  at  intervals  of  about 
12  hours  until  constant. 

This  constant  density  and  resulting  solubility  was  averaged  with 
the  density  and  solubility  obtained  in  the  first  method,  and  the  mean 
was  assvuned  to  be  the  true  density  and  solubility  of  the  saturated 
solution.  The  observations  were  made  at  intervals  of  15",  in  this 
manner,  between  0°  C.  and  90°  C. 

The  constants  were  also  determined  at  the  boiling  point  of  the 
saturated  solutions  in  an  apparatus  in  which  steam  was  caused  to 
bubble  vigorously  through  the  solution  with  excess  of  salt,  until  the 
temperature  became  constant,  this  constant  temperature  being  assumed 
to  be  the  boiling  point. 

The  boiling  point  itself  was  not  accurately  A^leYiamfc^^  \iA  \^.  ^^»^ 
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found  that  no  emergetit  columu  correctioD  eoiild  be  estisficCad^ 
applied  ;  the  preseiire&f  however,  under  whioh  the  saturattHl  aciasim 
boilcl  were  recorded* 

The  results  are  given  in  a  tabular  form  at  the  end  of  the  paipHr, 


"  A  Method  of  Measuring  dii-ectly  High  Oamotdc  Itessiires*"  By 
the  Enrl  of  Behkeley  and  K  G.  J.  Hartlkv.  Communicsitjeil 
by  W.  C,  D.  WiiETiiAM,  F.llS.  Received  April  21,— Iteid 
Juue  2,  1904. 

Thi«  paper  gives  an  account  of  some  preliminary  experlmentfi  mstM 
in   furtherance   of  a   Bcheme   of   work   outlined   by  one   of  us  in  a 

communication  to  the  Royal  Society,* 

The  ordinary  method  of  detei  niimng  osmotic  pressures^  i.^,,  thtX 
adopted  by  Pfeffer,t  Adie4  and  others,  is  evideotly  not  suitable  fcr 

high  pros^ures ;  the  difficulty  of  attaching  the  manometer  to  the 
porous  pot  in  a  manner  such  that  it  will  not  move  at  the  junction  i? 
practically  unsurmountahle. 

It  seemed  likely  that  if  a  porous  plate  were  tightly  squeezed  ]>erwcvr: 
two  hollow  hemispheres,  the  necessary  conditions  of  stability  niii:i:: 
be  attained,  and  the  first  apparatus  carried  out  this  i«lea.  It  '»\:v5 
made  by  Messrs.  Miiller  in  1901,  and,  being  of  glass,  was  dosigiei 
ordy  to  stand  moderate  pressures,  though  it  was  hoped  that,  in  a  way 
described  helow,  it  might  ])e  used  to  measure  indirectly  the  osm-':: 
pressures  of  concentrated  solutions.  It  consisted  of  two  glass  gl<•l»c^ 
A  and  B  (see  fig.  1),  holding  the  porous  plate  C  between  them.  The 
plate  was  glazed  round  the  ed^^e,  and  carried  the  senii-permear.e 
membrane  of  coppei-  ferrocyanide  on  the  face  adjacent  to  the  solunVr;. 
A  rubber  ring  on  either  side  of  C  and  ]>etween  it  and  the  glass  tiaiiiir- 
of  A  and  B,  served  to  form  a  watertight  joint  when  A,  B  and  C  wt-re 
strongly  pressed  together  Ity  means  of  a  suitable  brass  fitting,  wbi.b. 
however,  is  not  shown  in  the  figure. 

It  had  been  intended  to  put  solutions  of  different  concentrations  in 
the    two    vessels,  and   measure   the   dift'erence  ])etween   their   c»smoti 
pressures  ;   it  was  found   that,  although  it  would  be  possible    to  obu»iri 
the  desiied  result,  yet  the  time  taken  for  the  pressure  to  develop  was 
too  long. 

An  experiment  with   a  solution   of    114"7  grammes  of  sugar  in  the 

*   Karl   of  Bt-rktlev,    "  Kxpcrimental    DetL'niiinntions  for  Saturated   Soiutions/' 
read  Mux  lU.  VMn.  sc  p.  435. 

i   \V.  Pfeffer,  '  Osmotijche  Unfen:iu'hungcn,'  Loipsic,  1877. 
"R.  ir.  Adie,  *  Jl.  Cluni.  Soc.,'  1S91.  p.  1^14. 
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litre,  gave  an  osmotic  pressure  of  8*13  atmospheres,  the  theoretical 
value,  derived  from  the  gas  laws,  is  7*89. 

This  apparatus  was  discarded,  and  attempts  were  made  to  determine 
osmotic  pressures  in  a  quicker  way  by  a  method  somewhat  similar  to 
that  which  Tammann*  tried,  i.e,,  by  directly  applying  to  the  solution 
a  gradually  increasing  pressure  until  the  osmotic  pressure  has  been 
reached,  and  meanwhile  noting  the  change  in  the  volume  of  the 
solvent.  We  replaced  the  two  glass  globes  by  iron  cylinders,  and 
connected  one  of  them,  Bj  which  was  filled  with  the  solution,  to  a 


Fig.  1. 


Rubber 


powerful  pressure  apparatus.  Water  filled  the  other.  A,  and  also  a 
graduated  glass  capillary,  connected  to  A  by  a  perforated  rubber 
stopper.  Pressure  was  applied  to  the  solution  and  the  rate  at  which 
the  water  rose  in  the  capillary  was  noted.  The  rate  was  found  to  be, 
apparently,  slightly  different  before  the  osmotic  pressure  had  been 
reached  to  that  which  it  was  after  that  pressure  had  been  passed.  The 
phenomenon  was  so  complicated,  however,  by  the  volume  effect  due  to 
the  compression  of  the  washers  placed  on  either  «ide  of  the  plate,  that 
no  very  clear  results  could  be  obtained. 

•  Qt.  Tammann,  *  Zeit.  f .  Phys.  Chem./  vol.  9,  p.  97. 
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Fin^U  Fmifi  of  Appar^us, — We  liad  foreseen  this  defect,  and  a 
of  overcoming  it,  should  it  mask  the  desired  result,  waa  suggested  If 
Dr.  Burton,  of  the  Cambridge  Scientific  [nstmineDt  Cotupaiij,  It  oeD* 
ai&ted  in  replacing  the  plate  by  a  poreelain  tube ;    sarroiinfHng  Uie 

Fi0.  a* 


mi<l(lle  portion  only  by  the  solution  and  leaving  the  ends  free.  Thiis, 
\\  hen  the  pi'essure  was  applied  to  the  solution,  the  conipressir.n  of  the 
''dermatine"  rings,  which  confine  it,  would  have  no  eftect  on  the 
volume  of  water  inside  the  tu])e. 

This  is  end)odied  in  the  final  form  of  apparatus  which  is  shown,  in 
vertical  section,  in  fig.  2. 
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i  The  porcelain  tube,  AA,  was  made  of  Dr.  Puckal's  paste  by  the 
»  Royal  Berlin  Factory,  and  of  a  porosity  slightly  less  than  that  of  the 
porous  pots  they  make  for  Dr.  Thorpe's  arsenic  apparatus.  It  is 
c  about  15  cm.  long,  and  has  an  outside  diameter  of  2*5  cm.,  and  an 
inside  diameter  of  1  cm.  The  ends  are  gl^fzed  and  the  membrane  was 
formed  on  the  whole  length  of  the  outer  surface.  The  outside  brass 
casing  BB,  contained  the  solution,  to  which  the  pressure  was  brought 
by  the  steel  pressure  tube  C.  The  porcelain  tube  is  secured  to  B  by 
the  "  dermatine  "  rings  DD,  and  the  latter  are  strongly  compressed, 
between  B  and  the  metal  sleeves  EE,  by  screwing  down  the  nuts  FF, 
the  lateral  expansion  causes  them  to  grip  the  tube  tightly.  GG  are 
holes  perforated  through  B,  and  through  the  sleeves  EE,  the  use  of 
which  will  be  explained  later  on.  H  is  another  perforation  through  B 
which  allows  the  apparatus  to  be  emptied  without  taking  it  to  pieces ; 
in  several  experiments  a  Schaffer  and  Budenberg  pressure-gauge  was 
attached  here,  ordinarily  it  is  closed  by  a  screw-down  metal  plug. 

The  ends  of  the  porcelain  tube  are  closed  by  pieces  of  thick-walled 
rubber  tubing  II,  through  which  the  brass  tubes  JJ  pass  ;  the  length 
of  rubber  is  such  that  they  elxtend  further  into  the  tube  than  the 
distance  Ixjtween  the  "  dermatine  "  rings  and  the  ends  of  the  tube. 
A  watertight  joint  between  A  and  J  is  obtained  by  compressing  the 
rubber  tubes  between  the  metal  washers  KK,  and  the  screw  sleeves 
LL.  The  brass  tubes  JJ  are  joined,  in  one  case  to  a  glass  tap,  and  in 
the  other  to  a  glass  capillary  by  rubber  tubing.  The  glass  capillary  is 
graduated  in  millimetres  and  was  calibrated;  1  cm.  of  the  bore 
contains  '0042  cc. 

The  operation  of  measuring  the  osmotic  pressure  of  a  solution 
consisted  in  filling  the  inside  of  the  porcelain  tube  with  water,  and  the 
surrounding  vessel  B  with  the  solution ;  then  noting  the  rate  at  which 
the  level  of  the  water  in  the  graduated  tube  moves  while  the  pressure 
is  being  gradually  increased  on  the  solution. 

Theoretically,  as  long  as  the  osmotic  pressure  has  not  been  reached, 
the  level  of  the  water  in  the  capillary  should  fall ;  when  the  osmotic 
pressure  is  exceeded  it  should  rise  and  the  "  turning  point "  should 
give  the  osmotic  pressure.  In  either  case  the  rate  at  which  it  moves 
is  a  function  of  the  difference  between  the  osmotic  pressure  and  the 
pressure  on  the  solution.  In  the  actual  experiments,  although  the 
level  rose  and  fell,  the  "  turning  point "  was  at  some  other  pressure 
higher  than  the  osmotic  pressure ;  the  chief  cause  of  this  difference 
was  that  however  tightly  the  "dermatine"  rings  were  compressed 
against  the  porcelain,  the  sugar  solution  leaked  past  them.  This  was 
doubtless  because  the  membrane  could  not  be  formed  quite  on  the 
outer  surface  of  the  tube,  and  consequently  a  very  narrow  ring  of  the 
tube  was  left  open.  The  leak  was  so  small  that  no  difficulty  was 
experienced  in  keeping  the  pressure  up,  even  at  50  atmospheres,  but 
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the  effect  of  the  )e;ik  wa^  gradually  to  saturate  with   sciltitifiti  tk 

Burfacfi  of  the  exposed  [K^rtiou   of  the  tul^e,  and  thus  abstrad 
from  the  inaide  through  the  membrane. 

We  chII  thiB  leak  the  guard-riiig  leak,  and  it  was  hoped  that  tit 
follo>sn ng  method  gave  \is  a'  means  of  estimatmg  it. 

Gifind'Iiujfj  Ltnk  C&rredmt. — The  holes  GG  (gee  fig.  2),  wier©  hondL 
and  a  stream  of  the  solution  Mhose  osmotic  pressure  wras  to  l« 
determiued^  was  directed  through  them ;  and  to  injure  thai  tli 
aurface  was  thoroughly  saturated,  the  whole  apparatus  was  plac^ 
a  hath  of  the  aame  sohition.  The  inside  of  the  tube  together  witk  M 
capillary  having  been  filled  with  water,  aud  the  temperattire  of  tli 
bath  and  apparatus  hsniug  become  constant,  the  Rite  of  fall  m  thl 
level  in  the  capillary  waa  noted.  It  should  be  mentioueil  that  the 
enclosed  by  B  wae  also  tilled  with  water,  and  C  was  replaeed  byii 
open  glass  tube.  The  level  of  the  water  m  this  open  tube  wxt  kept 
the  smne  height  as  that  in  the  c<")pillary,  so  that  any  small  change  il 
the  temperature  of  B  did  not  alter  the  rate  of  fall  of  the  level  in  tk§ 
capillary. 

Thu  guard-ring  leak  correction  was  found  to  be  the  larger  the  maif 
concentrated  the  solution,  and  it  also  varied  slightly  with  the  heii:!:: 
of  the  water  in  the  capillary. 

This  correction  was  of  a  magnitude  such  that  it  raisfi  the  '*  turmr^ 
point/'  with  reference  to  the  pressure,  ])y  an  amount  equal  to  irvz. 
5  to  10  per  cent,  of  the  osmotic  })ressure. 

77//'  S(fhffion-Ln.ik  C<>m<finn. — We  have  hitherto  been  unalile  to  make 
semi-permea]>le  membranes  completely  impervioius  to  su^ar  ;  on  testin.- 
the  water  f:om  the  inside  of  the  tu]>e  a  trace  was  alwr.ys  indicate: 
It  was,  therefore,  consideiXMl  advisable  to  determine  the  aniourit  : 
sugar  which  had  come  thi'ough  in  each  experiment. 

At  the  end  of  the  experiment  the  inside  of  the  tube  was  vashe-i  <> .: 
without  taking  down  the  apparatus,  and  its  content  of  sugar  analvsr. 
by  means  of  Fehling's  solution.  On  the  assumption  that  the  resulti'  : 
quantity  of  sugar  indicated  that  a  corresjjonding  amount  of  soliri' ' 
had  come  through  the  membrane,  and  on  the  further  assumption  th.: 
the  rate  at  which  this  solution  came  through  was  proj)ortit:)nal  l>c>:h  ■. 
the  time  during  which  it  had  been  subjected  to  pressure  and  to  thr 
amount  of  that  })ressure,  the  displacement  of  the  *' turning  point  "  w  ;> 
calculated. 

It  was  found  that,  with  a  good  membrane,  the  solution   leak  corrt 
tion  was  of  a  magnitude  such  that  it  h'lut.'rr'l  the  "turning  point,' wi:. 
reference  to  the  ])ressurc,  by  an  amount  equal  to  from  2  to  3  per  cer ' 
of  the  osmotic  pressure. 

In  this  connection  it  may  be  pointed  out  that  a  check  on  the 
algebraical  sum  of  these  two  corrections  may  be  obtained  from  ihe 
experimeius    themselves.       For    by    beginning    an    experiment    ai    i 
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a:    pressure  on  the  solution  less  than  its  osmotic  pressure,  and  gradually 

'    increasing   the   former  until  the  latter  is  exceeded,    then  gradually 

reducing   the  pressure  until   again   below  the  osmotic  pressure,  the 

a    application    to    the   corresponding    capillary   readings   of   a  formula 

involving  the  guard-ring  and  the  solution-leak  rates  will  enable  one  to 

'    calculate  the  siun  of  the  two. 

-=  This  sum,  deduced  in  this  manner  from  the  capillary  readings  in  an 
m  experiment  with  a  solution  containing  180  grammes  in  the  litre,  was 
=-  5 -36  cm.  The  separately  determined  "  guard-ring  leak  "  correction  was 
r  10*17  cm.,  and  the  difference,  4*81,  represents  the  calculated  "solution 
z:  leak."  The  observed  "solution  leak,"  determined  by  analysis,  and 
jr  calculated  on  the  assumptions  enumerated  above,  gave  5*03  cm. 
-1  Some  importance  is  attached  to  this  method  of  working  as  it  appears 
^  to  afford  a  means  of  determining  the  osmotic  pressures  of  solutions  of 
^  substances  for  which  no  truly  semi-permeable  membranes  have  yet  been 
sr    found. 

r  The  Pressure  Apparatus. — The  pressure  is  obtained  by  means  of  a 

vertical  steel  plunger  working  in  a  steel  cylinder.     The  plunger  is  forced 

^     into  the  cylinder  by  an  iron  lever,  at  one  end  of  which  weights  are  hung, 

^     and  the  bottom  of  the  cylinder  is  connected  with  C  (see  fig.  2).     The 

cylinder  and  pressure  tube  are  filled  with  the  solution  whose  osmotic 

"-      pressure  is  ])eing  determined,  and  the  plunger  is  made  to  work  almost 

pressure  tight  by  a  "  dermatine  "  ring,  sleeve  and  nut,  similar  to  that 

shown  at  D,  E  and  F,  in  fig.  2.     A  horizontal  lever  is  attached  to  the 

plunger  and  is  worked  to  and  fro,  at  intervals,  so  as  to  keep  the 

pressure  on. 

The  pressure  applied  when  different  weights  were  placed  at  the  end 
of  the  lever  was  determined  by  connecting  the  press-tube  to  a  Schaffer 
and  Budenberg  standard  gauge. 

The  Formatiov.  of  tlie  Semi-Permeable  Membranes. — Numerous  different 
ways  of  forming  the  copper  ferrocyanide  membrane  were  tried;  the 
most  successful  was  by  first  depositing  the  film  by  diffusion  in  the 
manner  Pfeffer*  recommends  and  then  finishing  it  by  the  electrolytic 
methods  due  to  Morse  and  Horn.t  The  porcelain  tubes  were  immersed 
in  the  copper  sulphate  solution  (50  grammes  of  C?/S04,5a^  in  1000  c.c.) 
in  a  desiccator,  and  exhausted  free  of  air ;  they  were  then  taken  out 
and  their  inner  and  outer  surfaces  dried  with  filter  paper.  The  ends 
were  then  closed  by  rubber  plugs  and  they  were  allowed  to  dry  in  the 
air  for  from  |  to  1  hour,  after  which  they  were  quickly  plunged  into  a 
solution  of  potassium  ferrocyanide  (42  grammes  in  1000  c.c).  When 
the  membrane  was  seen  to  be  fairly  imiform  in  colour,  the  tubes  were 
transferred  to  the  electrolytic  cell.  This  consisted  of  a  beaker  contain- 
ing  the  ferrocyanide  solution  in  which   a  platinum  foil   electrode. 

•;    •  Loe.  t-it. 

t  H.  N.  Mone  and  D.  W,  Horn,  'American  Chemical  Journal/  xoV.'L^^^.^Si. 
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connected  with  the  negative  pole  of  tbe  battery,  was  sitspeniletL 

electrode  waa  atirronnded  hy  a  porous  pot  eo  as  to  prerent  tlie 
mhen  it  bad  been  rendered  alkaline  by  the  passage  of  tlip  crtnrwrt* 
reaching  the  membrane  on  the  tube.  A»  mentioned  lir  Mom 
found  that  the  alkaline  solution  acted  injuriously  on  the 
The  porcelain  tubea  were  filled  with  the  copper  solnttoti^ 
fnrnished  with  copper  electrodes.  The  voltage  iified  iriu  100; 
when  the  resistance  of  the  tnl>es  had  risen  to  a  consl&iit  vmlofii 
were  taken  down  and  soaked  in  distilled  water  for  several  diim 
were  then  again  eet  np,  and  the  current  psissed  until  the  rcsftistxacs 
again  constant,  generally  at  a  higher  vtilue  than  before,  upon 
they  were  taken  down  and  washed.  This  proce^  was  repea&ed  t 
further  change  in  rcjsistance  took  place. 

The  highest  resistance  obtained  was  1 70,000  ohms  ;  but  oirt  n( 
fifty  tubes  only  eight  or  nine  reached  this  figure.     These  Iftttef 
those   selected   for   the  experiments,  and  it  was    fotuiil  nfltisAlilr 
re-make  the  membranes  electrolytic^lly  after  they  had  been  sii^ 
to  considerable  pressurcR* 

[Mifif  2\. — We  have  lately  found  that  the  membranes  are  ^r^ 
improverlif  they  be  i-e-miide  electrolytically  under  high  pressure.  B* 
prci^sure  should  be  applied  to  n  very  ^trnnt:  solution  nf  !?uirar  id  wiii : 
the  ]intjis'5inm  fcrmpy?inide  ha.-  been  ili^^olvcd  and  which  ^urniuii'l?  r:,: 
cmt??ide  of  the  tube  ;  the  insirle  of  the  tube  being  rille<l  with  thr  ^i^  i 
copper  .sulphate  snlution  aiid  reniriining  n(i<ler  atmosphef  ic  pre-5^iirf  ' 

JU,stf}h,—Thi:  following  results  with  cane  sugar  were  iibiitiri*.^! .  :af 
expen'inent!^  were  made  mijrc  for  the  purpo-^e  of  testiug  the*  mtti"^ 
than  to  g(H  arrnrate  observations  of  the  osmotic  pn^^sure?? ;  but  *^ 
think  ihey  are  within  ]0  ]>er  rcTit.  of  the  true  values  :  — 


Pro4*iire  \k-hot\       ' 

/utiCf^QtnKion  in 

V 

Ti}-.»nTe  tit  ^vhirh 

'■  hiniiflL'  ^'oint  *' 

frona   Bitrk'f  law, 

litre. 

fhe 

'turning  poini  " 

occurred. 

mfrrecti^^l  tor  puani-, 

liHi!.  and  ^olllliuil      1 

leaks. 

120-7 

10  ''^  aliiios. 

0  "5  atnios. 

S   -4   .-itTLO.v 

1  SO  •() 

15-7 

U-4       „ 

12  :>      .. 

24!)  •() 

23  M>       „ 

21  -3       „ 

^'»  "7 

'^r^^)  0 

# 

37  0 

:-'3    1 

420  -0 

45  9 

43  -0       .. 

-*   2 

A'h-tnifafjr.^  nf  the  Mrf/ml.  —  It  may  1)0  of  use  briefly  to  point  out  wr.;r. 
seem  to  be  the  advaiitai^a's  of  this  method  : — 


In  this  experiment  the  jictu;il  "  turning  point"  was  not  readied. 
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1.  The  membrane,  owing  to  the  fact  that  there  is  no  glazed  cap  to 
the  tube,  goes  right  up  to  the  ends.* 

2.  There  is  no  necessity  to  have  pressure-tight  joints. 

3.  Greater  speed  in  working;  the  actual  experiment  takes  from 
1(  to  3  hours  only. 

4.  The  form  of  tube  used  is  such  that  it  will  withstand  very  high 
pressures — it  may  be  of  interest  to  mention  that  one  of  the  tubes  and 
Tnembrane  stood  a  pressure  of  120  atmospheres  without  apparent  harm. 

We  publish  this  preliminary  notice  as  it  will  be  some  time  before 
the  experiments  can  be  continued — a  new  apparatus  has  to  be  cast,  and 
new  porcelain  tubes  are  required.  We  hope,  by  means  of  the  new 
apparatus,  to  reduce  greatly  the  guard-ring  leak. 

We  are  glad  to  avail  ourselves  of  this  opportunity  to  thank 
Mr.  W.  C.  D.  Whetham  for  the  kindly  interest  he  has  taken  in  the 
research  and  Mr.  H.  Darwin  for  designing  the  pressure  apparatus. 


"*  Colours  in  Metal  Glasses  and  in  Metallic  Films."  By  J.  C. 
Maxwell  Garnett,  B.A.,  Trinity  College,  Cambridge.  Com- 
municated by  Professor  Larmor,  Sec  E.S.  Eeceived  April 
19,— Eead  June  2,  1904. 

(A.bstract.) 

The  first  part  of  the  paper  is  devoted  to  coloured  glasses.  The 
phenomena  which  it  seeks  to  explain  were  observed  by  Siedentopf  and 
Zsigmondy.t  Expressions  are  first  obtained  for  the  electric  vector  of 
the  light  scattered  from  a  small  metal  sphere  when  a  train  of  plane 
polarised  light  falls  upon  it,  the  investigation  following  Lord 
Rayleigh.^  By  means  .of  these  expressions  it  is  proved,  from  the 
•diagrams  and  statements  given  by  Siedentopf  and  Zsigmondy,  that 
the  metal  particles  which  they  observed  in  gold  glass  are  spherical  in 
shape  when  the  diameters  are  less  than  10"^  cm.  The  fact  that  such 
particles  are  spherical  throws  light  on  the  manner  in  which  metals 
crystallise  out  of  solution,  the  particles  taking  first  a  spherical  form 
under  the  action  of  surface  tension,  and  later,  when  they  become  too 
large  for  the  forces  of  surface  tension  to  overcome  the  crystallic 
forces,  becoming  amenable  to  the  latter.  Mr.  G.  T.  Beilby  has 
previously  arrived  at  similar  conclusions.§ 

An  investigation  into  the  optical  properties  of  a  transparent  mediiun 

•  Cf.  Adie,  Joe.  cit. 

t  '  Ann.  der  Phys.,*  January,  1903. 

I  '  PhiL  Mag.,*  voL  44,  1897,  and  *  Collected  Papers,'  toI.  4,  p.  305. 

§  'Brit.  ^.8M>c.  Beport,'  Southport,  1903. 


,^*xv».. ,  ^ii\ci  giaijs  a  little  more  yello^^ 
sidera]>ly  more  red  than  yellow,  and  *•  p 
more  blue  than  yellow,  provided  alwav 
between  two  neighbouring  particles  of  m( 
ably  lem  than  one  wuvre-length ;  in  whic 
particles  tntist  be  spherical.  Metal  glasse 
eatisfiecl  will  he  called  "regular." 

It  ifi  next  proved  that  the  presence  of  m 
opticnl  properties  of  regular  gold  ruby  glaj 
in  the  effect©  of  colour  and  polarisation,  i 
glasses,  are  due  either  to  excessive  disU 
particles  or  to  excessive  size  of  such  pai 
inval\^l>g  the  former. 

Experiments  are  described,  proving  that 
produced  in  a  colourless  metal  glass,  conta: 
(which  is  the  state  in  the  manufacture  of 
before  the  second  hciiting)  by  the  ^-radif 
It  piece  of  clear  gold  glass  and  a  piece  of  cl< 
to  the  emanation  for  two  days,  when  the  { 
utunistakable  pink  tint,  while  the  soda  gl 
blue- violet. 

In  the  second  part  of  the  paper,  the  c 
btult  up  out  of  metal  spheres  as  before,  but 
metal    mny   have   any    value    between     zer 
remaining    very    small,    as    in    metal    i:las^« 
ohanues   of  i(»lr>n'-     "...i    »i-     '■      ^ 
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increase  in  strength  of  colour,  which  was  generally  observed  in  the 
light  transmitted  through  these  films  when  the  plane  of  polarisation 
of  obliquely  incident  light  was  changed  from  that  of  incidence  to  a 
perpendicular  position  is  accounted  for. 

In  Part  III  some  evidence  is  brought  to  show  that  the  allotropic 
silvers  obtained  by  Carey  Lea*  are  particular  cases  of  the  media  which 
have  been  considered  in  the  second  part. 


•'  The  General  Theory  of  Integration/'  By  W.  H.  Young,  ScD., 
St.  Peter's  College,  Cambridge.  Communicated  by  Dr.  E.  W. 
HoBSON,  F.RS.     Eeceived  April  23,— Read  May  19,  1904. 

(Abstract.) 

The  paper  begins  with  a  recapitulation  of  the  well-known  definitions 
of  integration  and  of  upper  and  lower  integration  (integral  par  exc^^s, 
par  d^faut;  oberes,  unteres  Integral).  The  theorem  on  which  the 
Darboux  definition  of  upper  (lower)  integration  is  founded  is  stated 
and  proved  in  the  following  form  : — 

Given  any  small  positive  quantity  ei,  we  can  determine  a  positive 
quantity  e,  such  that,  if  the  fundamental  segment  S  be  divided  up 
in  any  manner  into  a  finite  number  of  intervals,  then,  provided 
only  the  length  of  each  interval  is  less  than  e,  the  upper  summa- 
tion of  any  function  over  these  intervals  differs  by  less  than  si 
from  a  definite  limiting  value  (the  upper  integral). 

Next  follows  a  discussion  as  to  whether  it  is  admissible  to  adopt  a 
more  general  mode  of  division  of  the  fundamental  segment  than  that 
used  by  Eiemann,  Darboux  and  other  writers,  when  forming  summa- 
tions (upper,  lower  smnmations),  defining  as  limit>  the  integral  (upper, 
lower  .integral),  of  a  function  over  the  fundamental  segment.  It  is 
shown  by  examples  first  that  the  restriction  as  to  the  finiteness  of  the 
number  of  intervals  into  which  the  fundamental  segment  is  di^dded 
cannot  be  removed  without  limitations ;  but  that  it  can  be  removed, 
provided  the  content  of  the  intervals  is  always  equal  to  that  of  the 
fundamental  segment.  Secondly  it  is  shown  that  the  error  introduced 
by  taking  the  summation  over  an  infinite  number  of  intervals  whose 
content  is  less  than  that  of  the  fundamental  segment,  is  not  in  general 
corrected  by  adding  to  the  summation  the  content  of  the  points 
external  to  the  intervals  multiplied  by  corresponding  value  (upper, 
lower  limit)  of  the  function.      Similarly  it  is  shown  that  the  more 

•  *  Amer.  Joum.  of  Science,'  1886. 
VOL.  LXXIII.  2  I 
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general  diviaioii  of  the  fundameutal  segment  into  compooent  wis  4 
poiats,  whose  content  pkya  the  part  of  the  length  of  the  iiiterrali  ^ 
the  original  definitions,  leads  to  atimmatioiis  which  do  not^  in  genoiL 
huve  a  definite  limit  even  for  lutegrable  functions.  The  lower  Undti 
such  genernh-^ed  upper  summations  is  shown  to  be  not  less  tlua  lb 
upper  limit  of  such  genemiised  lower  summations ;  hut  it  i^  shcnm  tfas 
in  general;  only  in  case  of  upper  continuous  functions  does  the  foras 
give  Uia  the  upper  integr^d,  and  in  the  casa  of  lower  semj-conoiura 
functiouB  does  the  latter  give  us  the  lower  integraL  In 
introducing  the  terms  ot^ter  and  iniier  /M4isttr€  of  iht  tjU^yro/  (or 
limits,  the  lower  integrd  u  less  than  the  inner  measure,  whieli  Is  \m 
than  the  outer  measure,  which  is  less  than  the  upper  integraL 

The  property  of  semi-continuous  f mictions  Just  mentianed  lewis  lo  i 
new  form  of  the  definition  ci  the  upper  (lower),  integral  in  tliis  caie, 
namely,  iis  follows  i- — 

Divide  the  fundamental  segment  S  into  a  Unite  or  coiiutably  iii^uiu 
niunber  of  measurable  components,  multiply  the  content  of  eidi 
component  by  the  upper  (lower)  limit  of  the  values  of  an  upper 
(lower)  semi'Coiitinuoas  funcliun  at  points  of  that  eomponent 
and  sum  all  such  products  ;  then  the  lower  (upper)  limit  of  vF. 
such  summations  for  every  conceivable  mode  of  diWsion  is  :Lt 
upper  (lower)  integral  of  the  semi-continuous  function. 

Introducing  tij>jn>r  a.ui^  Inirrr  limiting  fnndwiu*  we  then  h-tve  ihe 
following  theorem  : — 

The  upper  (lower)  integral  of  any  function  is  the  upper  (lower 
integral  of  its  associated  upper  (lower)  semi-continuous  function. 

This  leads  to  a  new  definition  of  upper  and  lower  integration,  whi-.b 
is  as  follows  : — 

l)i\'ide  the  fundameiual  segment  into  any  finite  or  coiuitably  infinite 
niunljer  of  measm*able  components,  luultiply  the  content  of  each 
component  by  the  upper  (lower)  limit  of  the  maxima  (miniiiuir 
of  the  function  at  points  of  that  component  and  sum  all  such 
products;  then  the  lower  (upper),  limit  of  all  such  summation? 
for  every  conceivable  mode  of  division  is  the  up2>er  (lowers 
integral  of  the  function  over  the  fundamental  segment. 

This  gives  us  also  a  definition  of  the  integral  in  the  case  when  it 
exists,  that  is,  when  the  upper  and  lower  integrals  are  equal. 

This  form  of  the  definitions  is  at  once  extendable  to  the  case  when 
the  fiuidamental  set  S  is  any  measurable  set  whatever,  we  merely  have 
to  replace  the  word  segment   l)y  set,  or  more  precisely  by  mciisiuaMe 

*  "On  Upper  and  Lower  Integration,"  *  Loud.  Math.  Soc.  Proc.* 
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set.  A  particular  form  of  division  of  S,  analogous  to  that  by  means  of 
intervals  of  the  same  content  as  the  fundamental  segment,  is  shown  to 
lead  infallibly  to  the  upper  and  lower  integrals  of  any  function  with 
respect  to  S ;  this  mode  of  division  is  called  division  of  S  by  means  of 
segments  (e,  ^ ),  it  is  such  that  each  component  lies  inside  a  correspond- 
ing interval  of  length  less  than  e,  the  content  of  these  intervals  being 
less  than  S  +  e\  and  the  points  of  S  which  are  not  internal  to  the 
intervals  forming  a  set  of  zero  content. 

Based  on  this  division  of  the  fundamental  set,  we  have  an  alternative 
definition  of  upper  and  lower  integration  with  respect  to  a  fundamental 
set,  which  is  more  nearly  allied  to  the  Darboux  definitions  for  the  case 
-when  the  fundamental  set  is  a  finite  segment.     This  is  as  follows : — 

Let  the  fundamental  set,  excluding  at  most  a  set  of  points  of  zero 
content,  be  enclosed  in  or  on  the  borders  of  a  set  of  non-over- 
lapping segments  each  less  than  e,  and  of  content  less  than  S  +  e, 
Then  let  the  content  of  that  component  of  S  in  any  segment  be 
multiplied  by  the  upper  (lower)  limit  of  the  values  of  the  function 
at  points  of  that  component,  and  let  the  summation  be  formed 
of  all  such  products.  Then  it  may  be  shown  that  this  summation 
has  a  definite  limit  when  e  is  indefinitely  decreased,  independent 
of  the  mode  of  construction  of  the  segments  and  the  mode  in 
which  e  approaches  the  value  zero.  This  limit  is  called  the  upper 
(lower)  integral  of  the  function  with  respect  to  the  fundamental 
sets. 

In  the  case  when  the  upper  and  lower  integrals  coincide,  the  func- 
tion is  said  to  be  integrable  with  respect  to  S,  and  the  condition  of 
integrability  is  found  in  a  form  agreeing  completely  with  Riemann's 
condition  in  the  case  when  S  is  a  segment.  To  prove  this  the  theorem 
is  required  that  the  sum  of  any  finite  number  of  upper  integrals  of  uppci' 
senii-conlinuous  functions  with  respect  to  a  fundamental  set  ^  is  tlie  ujypei- 
integral  of  their  sum,  and  the  proof  of  this  theorem  is  given. 

It  is  then  shown  that,  except  in  the  case  of  upper  (lower)  semi- 
continuous  functions,  the  upper  (lower)  integi-al  over  the  fundamental 
set  S  is  not  necessarily  equal  to  the  sum  of  the  upper  (lower)  integrals 
over  any  set  of  components  of  S,  but  that  this  is  the  case  when  S  is 
divided  by  means  of  segments  {e,  e), 

A  function  which  is  integrable  with  respect  to  S  is  shown  to  have 
the  following  properties  : — 

(1)  It  is  integrable  over  every  component  set  of  S. 

(2)  The  integral  of  the  integrable  function  is  equal  to  the  sum  of 

the  integrals  over  every  finite  or  countably  infinite  number  of 
components  into  which  S  may  be  divided. 

(3)  The  sum  of   the  integrals  of  any  finite  number  of  integrable 
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functions  over  S  is  tqm^l  CO  Uie  integral  of  tile  man  of  tkoi 
functions  orer  S, 

In  §  21  the  calculation  of  upper  and  lower  Integmls  irltli  refpeflti 
any  ftmda mental  set  S  is  retliiceti  to  a  problem  of  ordinary  iirtegir 
tion.  The  formtilaPj  which  are  simUar  in  form  to  those  alreiuSr  mn 
by  the  author  for  the  case  when  8  is  a  finite  segment,  in  a  pifr 
presented  to  the  London  ^lathematieal  Society,  are  as  follows : — 

The  upper  integrEl  of  any  funetion  with  respect  lo  a  messnraUeitf 

SU 


KS-i- 


where  K  is  any  qaantity  not  greater  than  the  lower   limits  aisd  K 
not  less  than  the  upper  limit  of  the  fimction  for  points  of  S,  I  hw 
the  content   of   that  component  of  S  at   every  point  of  which  tir 
maximum  of  the  function  is  greater  than  or  equal  to  it. 
The  lower  inteEjral  is 


J  ic 


J  being  the  coiitont  of  that  component  of  S  at  every  point  of  wh: 
the  minimum  of  the  function  i^  less  than  or  equal  to  /;. 

These  formuliB  lead  to  certain  theorems  with  respect  to  the  dfsr::'  ; 
lion  of  the  values  of  an  ordinary  continuous  function  au'l  *  ' 
integrable  function. 

The  remainder  of  the  })aper  is  devoted  to  the  discus-ion  of  zhc  i: :  -: 
and  outer  measures  of  the  integral  of  any  function,  r.ud  in  th-  ■.-. 
Avhen  they  are  equal  of  the  generalised  integral  of  a  function,  whi  h  > 
in  this  generalised  sense,  integr:/'tle.  In  particular  it  is  shown  ::.  • 
such  functions  are  none  other  than  tlie  functions  which  T.el'C-^^-.L  :  ,■ 
named  ■<aiiiij'"J'Jf,  and  the  generalisc<l  integral  i^  shewn  to  be  ftk:;::  . 
with  the  Lebesgtie  integral  in  the  case  when  S  i^  a  finite  seirnu:  :  : 
geometrical  interpretation  of  the  integi'al,  similar  to  that  r.-t<i  '" 
Lebesgue,  is  given  in  the  general  case. 

Contracting   the    Mrst    detinition    given    of  tlie  generalised  intci,^': 
with    the    geometrical    definition,   it    is    seen    th.'it   they  str.i^l   :«• 
another  in  the  same  relation  as  the  ordinary  dcfiin'ti«Mi  .-f  iritc_:r;.::". 
say   of  a  continuou-  function,  to  its  detlniti«»n  as  a  cert.iin  aiL-.:.     .T  ;-" 
as,  however,  the  mathematical  conce[)t   of  area  is  more  cc«niplex  t1>.: 
and,  indeed,   depen.ds   on   that    of    length,  so  does  the  theory  <f  :': 
content   of  a  plane   set  of  points  depend  njiturally  on  th.u  of  a  lir.c. 
set.     Just  as  the  determination  of  area  requires  the  application  >i  :'.-. 
processes  exj)lained  in   the  first  definition  of  integiation  of  eontin:'.- 
functions,  so  with  the  content  of  a  plane  set.     Thus  the  conM>a!:.:iv 
simplicity  of  the  geometrical  definition  is  only  ajiparent. 
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"^       Lebesgue's  theorem  that  the  sum  of  two  summable  functions  is  a 
summable  function  and  its  integral  is  the  sum  of  their  integrals  is 
:?  then  proved  by  geometrical  considerations,  and  a  more  general  theorem 
r    is  given,  viz.  :  — 

If  X^  and  X^  be  the  outer  and  inner  measures  of  the  content  of  the 
ordinate  section  of  a  measurable  set  by  the  ordinate  through 
the  point  x,  X^  and  X^  are  both  summable  functions,  and  the 
generalised  integral  of  either  is  the  content  of  the  measurable  set. 

It  is  here  assumed  that  the  content  of  the  set  got  by  closing  the 
measurable  set  is  finite.  The  content  of  any  measurable  set,  with 
this  restriction  only,  is  thus  obtained  in  the  form  of  a  generalised 
integral  and,  therefore,  of  an  ordinary  integral ;  in  fact — 

The  content  of  any  measurable  set  (provided  the  set  got  by  closing 
it  has  finite  content)  is  j  Idx, 

Here  I  is  the  content  of  the  component  of  the  fundamental  set  at 
which  the  inner  (or  the  outer)  measure  of  the  content  of  the  ordinate 
section  of  the  given  set  is  greater  or  equal  to  k. 

It  is  to  be  remarked  that  though  in  this  abstract  reference  has  only 
been  made  to  linear  and  plane  sets  and  to  the  corresponding  integrals^ 
the  arguments  are  perfectly  general  and  apply  to  space  of  any  number 
of  dimensions.     For  instance  the  concluding  result  is  as  follows : — 

To  find  the  content  of  a  measurable  n-dimensional  set,  take  any 
hyperplano  section  and  project  the  whole  set  on  to  this  hyper- 
plane.  Any  measurable  set  containing  this  projection  we  take 
as  the  fundamental  set  S.  Divide  S  up  in  any  way  into  a  finite 
or  countably  infinite  set  of  measurable  components,  and  multiply 
the  content  of  each  component  by  the  upper  (lower)  limit  of 
the  values  of  the  (linear)  inner  or  outer  content  of  the  corre- 
sponding ordinate  sections  of  the  given  set,  summing  all  such 
products,  the  lower  (upper)  limit  of  all  such  summations  is  the 
content  of  the  given  set. 
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*'  Ob  the  Liquetied  Hydrides^  of  Phosphorus,  t^ulphiir,  and  tbe 
Halo^eiii*,  as  Conducting  Solvents, — Parfc  I."  By  LK  Mclsiom 
and  H.  1).  Steele.  Couimunit^ated  by  Sir  Williaai  Kamsat , 
K.C.B..  RK.S.     Received  April  26,— Read  May  lit,  1904 

AmmoniA,  water,  and  hydrofluoric  acid,  are  the  only  hydrtdce  of  ifae 
elements  which  have  been  systematically  investigated  witli  respect  to 
their  solvent  pro|jertie3,  and  in  particular  with  respect  to  their  pown^ 
o!  forHsing  electrically  conducting  sohitions.  With  the  object  lal 
extending  our  knowledge  of  the  properties  of  these  bydro^ 
compounds,  when  liquefied,  and  in  the  hope  that  more  light  mig)it 
thereby  be  thrown  on  the  question  of  ionic  dissociation,  the  invest%> 
tion,  of  which  this  ia  a  brief  abstract,  has  l>een  undertaketi. 

The  following  hydrides  of  the  fifth,  sixths  and  seventh  groups  hkrt 
been  examined,  hydrogen  phosphide,  sulphide,  chloride^  bromide,  aiid 
iociide.  Since  it  had  been  found  by  preliminary  experiments  thai. 
with  the  exception  of  hydrogen  phosphide,  all  these  ^K^si^esse^i  the 
power  of  conducting  the  current  when  certain  substances  were 
dissolved  in  them,  a  number  of  physical  constants  were  nieasurt': 
before  ])roceeding  to  the  systematic  study  of  the  conductivirv  '.: 
solutions. 

A  l)nef  summary  of  the  results  found  hitherto  is  contained  in  th- 
following  tables,  in  which  the  temperatures  are  given  to  the  neaic-: 
tenth  of  a  degree. 

].—The  J\(j>"iir  J'/rssH/-'   Cnrn\<. 

These  were  determined  l)y  the  method  described  by  Ti'a\f rs,  St-Mtcr, 
and  Ja<|uerod,*  and  used  l)y  them  for  the  measiu'eme?it  ot  the  vapou: 
pressures  of  liquid  oxygen  and  hydrogen. 

Hydrochloric  Acid. 


T. 

P. 

T. 

P. 

T. 

P. 

100-U 

141-0 

-97-2 

31ii0 

-85-9 

64^ 

104-.") 

198-0 

-  92-9 

430-0 

-  83-2 

74^ 

101-3 

i'45-O 

-  89-8 
Hydro)  >romic 

522  0 

Arid. 

-  80-:) 

86s 

101-1' 

90 -0 

-89-3 

245-0 

-  7u-7 

501 

100-7 

142-0 

87-1 

284-0 

-74-0 

575 

96-3 

185-0 

-83-0 

357  0 

-70-7 

08  2 

9  2 -8 

l>14-0 

-  79-3 

431-5 

-68-4 

775 

*     Plii! 

Tr.ui?.,'  A,  1002 

Aol.  2(X),  p. 
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Hydriodic 

Acid. 

I. 

P.                   T. 

P. 

T. 

P. 

77-9 

74-0             -54-8 

303-5 

-43-5 

530 

73-5 

920             -51-4 

3690 

-41-7 

578 

68-4 

126-0             -  500 

376-0 

-39-4 

644 

63-5 

185-5             -47-7 

4380 

-36-9 

713 

59-5 

224-0             -  461 

474-0 

-35-9 

769 

Sulphuretted  Hydrogen. 

84-0 

193-0             -75-6 

314-0 

-  691 

456 

81-7 

2200             -  73-3 

3640 

-66-1 

538 

78-4 

270-0             -71-6 

4000 

-62-2 

676 

Phosphoretted  Hydrogen. 

105-9 

237-0             -97-7 

393-0 

-88-6 

644 

101-2 

3190             -  931 

4980 

-86-6 

719 

The  melting  and  boiling  points 
follows : — 

HCl.  HBr. 

M.p —  -860 

B.  p -82-9         -68-7 


as  read  from  the  curves  are  as 


HI.  HjS. 

-  50-8  — 

-35-7  -601 


H3P. 
-86-2 


2. — Tlie  Densities. 

The  densities  of  the  pure  liquids  were  determined  over  a  wide  range 
of  temperature,  and  the  values  at  the  boiling  point  are  given  in  the 
following  table : — 

HCl.  HBr.  HI.  HjS.  HaP. 

Density  at  b.p M95        2157        2*799        0*964        0744 


3. — The  Molecular  Surface  Energy. 

The  surface  energies  were  measured  over  a  considerable  range  of 
temperature,  using  a  modification  of  the  method  of  Elamsay  and 
Shields.  In  the  table  the  value  of  the  molecular  surface  energy 
X(MV)*  at  various  temperatures  is  given.  The  values  of  (/A.(MV)*/(/T 
and  of  the  association  factor  x  are  tabulated  separately.  From  the 
results  it  will  be  seen  that  of  the  substances  examined,  hydrogen, 
bromide,  iodide,  and  sulphide  occur  as  simple  molecules ;  whilst  hydrogen 
chloride  and  phosphide  are  more  or  less  associated. 
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I 
I 


103-1 
16S-5 
1718 


1819 

184^8 
186-1 


225^3 
227-1 
2293 


X  (MV)L 
2637 
255-9 
2508 


330-1 
325-6 
320a 


367-0 
358-5 


Hydrochloric  Acid. 

T,  X  {MV)t 

175-8  244^8 

180-1  239-0 

1832  233'e 

Hjr'drobromic  Acid. 

188-9  314-6 

193-4         3073 
195-3         299-6 


Hydnodic  Aeid. 

230*9 
2329 


355-3 
351*0 


187*2 

189-9 
192-n 


198*2 

200'5 
203-9 


2350 
236-5 


2203 
223-6 
2210 


394-8 
292-2 
283-8 


3480 
344-6 


Sulphuretted  Hjdrogen* 

189-1 

349-5 

197-4          3341 

203-9 

324-7 

191-3 

346-3 

199-7          328*3 

206*9 

H!6'7 

194-6 

3380 

201-5          326-6 
Phosphoretted  Hydrogen. 

210-8 

308-6 

167-1 

287-2 

175-4          273-4 

— 

— 

171-8 

279-6 

179-9          265-4 

— 

— 

Variation  of  molecular   siu*face  energy  with  temperature  and   the 
association  factor — 


X 


HCl. 
1-47 
1-5 


HBr. 
2  03 
1-0 


HI. 
1-99 
10 


HjS. 
1-91 
1-1 


H3P. 
1-70 
1-4 


4. — TJie.  Viscosities,  ai\d  Viscosity  Tempeixiivre  Coeffim'iif. 

The  viscosities  of  the  pure  liquids  were  determined  by  comparison 
with  that  of  distilled  water  at  22 \  The  object  of  the  measurements 
was  to  procure  data  for  the  comparison  of  the  temperature  coefficients 
of  viscosity  and  of  electrical  conductivity. 

Viscosity  Temperature  Coefficient,  dr]/dT. 
*         Hydrochloric  Acid. 

T 160-8         166-7         171-7         177-0         183-2         188-2 

V 0-590        0-569        0*530        0-514        0-493         0477 

d^jdT  =  0-88. 
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Hydrobromic  Acid. 

T... 

186-8 

188-8         190-8         193-7 

197-3 

199-4 

r] 

0-911 

0-902         0-890        0-877 

0-857 

0-851 

• 

dri/dT  =  0-57. 
Hydriodic  Acid. 

T.... 

.     223-3 

225-6       227-2       230-6       231-5 

233-9 

236-4 

V 

.     1-479 

1-454       1-437       1-426       1-402 
drjIilT  =  0-70. 

Sulphuretted  Hydrogen. 

1-377 

1-353 

T.... 

....     191-0 

193-3         198-2         201-2 

206-1 

209-8 

V 

....     0-547 

0-528        0-510        0-488 

0-470 

0-454 

drj/dT  =  1-10. 


5. — Solubilities  and  Cojidudivities. 

Of  the  substances  examined  at  this  stage,  the  organic  ammonium 
salts  were  found  to  be  readily  soluble,  and  to  give  conducting  solutions. 
Some  doubt  existed  as  to  whether  any  metallic  salts  were  dissolved  ;  if 
so,  none  were  found  to  conduct  the  current.  The  only  readily  soluble 
inorganic  substances  were  hydrogen  chloride  and  bromide  dissolved  in 
sulphuretted  hydrogen.  It  is  somewhat  remarkable  that  these  solutions 
are  perfect  non-conductors. 

The  conductivity  of  a  few  substances  was  accurately  determined ; 
as,  for  instance,  that  of  solutions  of  triethyl  ammonium  chloride  in 
hydrogen  bromide  and  sulphide.  It  was  found  that  the  molecular 
conductivity  of  these  two  solutions,  and  of  all  the  others  which  were 
examined,  increased  enormously  with  increasing  concentration,  instead 
of  showing  a  slight  decrease,  as  in  the  case  of  aqueous  solutions. 

The  further  study  of  the  solubilities  and  conductivities  forms  the 
subject  of  another  paper.* 

•  Infra f  p.  454. 
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"  On  the  Liquefied  Hj^d rides  of  Phosphonis,  Sulphur,  and  tk 
Halogens,  as  Conducting  Solventa.— Part  11/*  By  E  B 
Ahchibald  ami  D.  McIntosh.  Commimie^ted  by  Sir  Wjtliu 
Kamsav,  KCB,,  KE.S.     lleceived  April  2ti,— Read  May  t>, 

1904. 

In  continuR-tion  of  the  preceding  inTeetigation,*  a  very  large  otuDb-* 
<>f  subatunces  have  Iwsen  ejcauiitiecl  with  regard  to  th^ir  solubility!! 

the  four  sub&tances— hjtlrogen  chloride,  bromide,  iodide,  and  ^idpltitk 

The  following  is  a  brief  summary  of  the  results  which  have  heeo  • 
far  obtained  : — 

No  salt  of  the  metals  has  b«en  found  to  dissolve  in  more  ihaji  tncsi 
iu  either  solvent,  and  in  no  case  was  it  certain  that  atich  aubstanca 
dissoh  erl  at  all.  We  cannot,  therefore,  confirm  the  obsamtiim  ci 
Helbig  and  FaiiJ9ti,t  who  state  that  stannic  chloride  disaolvee  tit  liquil 
hydrogen  chloride,  but  docs  not  form  a  conducting  ^luUoiL 

On  the  other  hand,  many  organic  Jiubstunc&s  were  found  to  k 
readily  soluble  ;  as  lor  exiiimple,  the  amine  salts,  neid  an[iides,  W 
certain  alkaloids  amoug  compounds  containing  nitrogen;  and  alcohok 
ethfi.'^,  ki'ioJiCi^,  jihcrioU,  and  hiniie  nrs^anii.^  acids  jind  e?it4.?rs  ani*rL: 
c  om  poll  nt  Is  co  u  Uii  u  i  ng  oxyge  i  l 

In  cvtTV  t'iise  where  a  fjondiittiug  .sohition  was  fomiod  the  c]i.^^i>h ri 
3u)i!?tfUico  Wiis  onu  containing  an  element  the  vale  nee  of  which  mii^h: 
bu  iiieieajscdj  thus  i\\u<\  oxygen  ur  sulphur  beeoming  tetrad,  or  tda'^ 
nitrugeu  becoming  pentad. 

The  eonduE'tiviiy  of  a  largt-  uiirnher  r>f  i^tdutions  w^is  measured,  and 
in  all  krLses  the  molcLular  coi^ducEivity  increased  enc>nnouslv  w\i\^ 
rnn'.rritrati<>r^  No  catse  hns  been  niut  with  in  which  the  mokMi^^ 
couduciivity  varies  in  the  same  way  a^  in  aqueous  solutions,  Tbf 
substances  rarely  comkict  belter  than  nj'lh  KCl. 

vl  few  of  the  measurement  fci  ate  given  in  the  full  owing  table,  iii 
whi'.h  the  cnuceTitratiftn  I'  is  i^iven  in  L^ramme  molecules  per  litre,  nid 
the  conductivity  in  leciprucal  ohms  x  10  '\ 

Suhitrtncc?.  Solvi'Tit,  C,  ConductiTitT. 

Aeetamide ilHr  uOll  G5i' 

^^ ^          ,1  U"T13  :il55'0 

Acetonitrile.... .,. IICI  0*04(33  151i**0 

■ ,.,.,,.        „  I'llVl  y636'0 

J'.tiiyl  oxide HI  O'lO  195 

„  1-U  'l'lW-0 

Triethyl  ammonium  chloride...  H-S  0'01-i  117*0 

.!                       „               ...        „  0-401  15^0-0 

*  Ante.  p.  4.30. 

^  'Zeit.  fur  Aniiewanche  Cheinie,'  vol.  17,  1904. 
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A  large  number  of  temperature  eoefl&cients  have  been  measured. 
-These  were  found  to  be  in  the  majority  of  cases  positive,  t.f.,  the 
'  conductivities  increase  with  rise  of  temperature. 

^      All  the  experiments  which  have  been  hitherto  carried  out  lead  to 

Ltbe  conclusion  that  it  is  the  dissolved  substances  (i.^.,  the  acetamide,  etc.) 

w^hich  carnes  the  current  and  not  the  halogen  hydride.    In  other  words, 

■we  are  dealing  with  solutions  in  which  the  organic  and  not  the  inorganic 

Biibstance  undergoes  electrolytic  dissociation. 

Fnrtlier  experiments  are  at  present  in  progress,  having  for  their 
'object  the  measurement  of  the  molecular  weight  of  the  dissolved 
substances  (Mcintosh  and  Archibald)  and  the  determination  of  the 
transport  numbers  (Steele). 

Discussion  of  the  results  so  far  obtained  is  deferred  until  these 
experiments  are  completed. 


**  Note  on  the  Lymphatic  Glands  in  Sleeping  Sicknesa"  By 
Captain  E.  D.  W.  Greig,  I.M.S.,  and  Lieutenant  A.  C.  H. 
Gray,  E.A.M.C.  Communicated  by  Colonel  Bruce,  F.RS., 
at  the  desire  of  the  Sleeping  Sickness  Commission.  Received 
and  Eead  May  5,  1904. 

Captain  Greig,  in  a  letter  dated  March  17,  1904,  writes  that 
following  a  suggestion  of  Dr.  Mott,  they  have  examined  the  contents 
of  lymphatic  glands  dinging  life  from  fifteen  sleeping-sickness  patients. 
In  all  of  them  actively  motile  trypanosomes  were  very  readily  found 
in  cover-glass  preparations  taken  from  the  cervical  glands.  They  were 
also  present  in  other  glands  such  as  the  femoral,  but  were  not  nearly 
so  numerous. 

They  found  the  trypanosomes  to  be  far  more  numerous  in  the 
glands  than  in  the  blood  or  cerebro-spinal  fluid,  and  believe  that  the 
examination  of  fluid  removed  from  lymphatic  glands  will  prove  to  be 
a  much  more  rapid  and  satisfactory  method  of  diagnosing  early  cases 
of  sleeping  sickness  than  the  examination  of  the  blood. 

At  first  the  glands  were  excised,  but  this  was  soon  found  to  be 
unnecessary,  as  it  is  easy  to  puncture  a  superficial  gland  with  a  hypo- 
dermic syringe  and  suck  up  some  of  the  juice  into  the  needle  and  blow 
this  out  on  a  slide.  The  actively  moving  trypanosomes  were  readily 
found  after  a  short  search  in  these  slides,  when  a  prolonged  search 
in  similar  preparations  of  the  blood  from  the  finger  failed  to  discover 
them.  In  stained  specimens,  in  addition  to  well-formed  trypanosomes, 
there  exist  many  broken-down  remains,  which  suggests  that  a  destruc- 
tion of  the  trypanosomes  takes  place  in  the  glands. 


^..ocivanons  made  upon  tlic  ]»1 
percentage  of  lymphocytes,  but  the 

The  authors  consider  that  thes( 
u[K>n  the  glandular  enlargements 
noticed  in  tileeping  sickness,  and 
polyadenitis  brought  about  by  the 
glands  where  many  of  them  are  de 
from  time  to  time  into  the  blood  stre 
which  has  beon  observed  in  the  perip 

They  regai^d  their  observations  up 
in  num!>er  in  the  lymphatic  glands 
aomiams  and  rtdvanced  cases  of  sleepin 
evirlence  of  the  unity  of  these  disea 
trypan  osomes  are  the  essential  cause  o 
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"  The  Behaviour  of  the  Short-Period  Atmospheric  Pressure  Varia- 
tion over  the  Earth's  Surface."  By  Sir  Norman  Lockyer, 
K.C.B.,  LL.D.,  F.E.S.,  and  Wiluam  J.  S.  Lockyer,  Chief 
Assistant,  Solar  Physics  Observatory,  M.A.  (Camb.),  Ph.D. 
(Gott),  r.E.A.S.     Eeceived  April  1 3,— Read  April  28,  1904. 

[PlATBS  12  AHD  13.] 

In  a  paper  which  we  communicated  to  the  Society  in  June,  1902,* 
we  drew  attention  to  the  fact  that  in  our  investigation  dealing  with 
the  percentage  frequency  of  prominences  and  changes  in  atmospheric 
pressures,  we  found  that  the  pressures  in  India  and  Cordoba  behaved 
in  an  opposite  manner,  the  short  period  variations  of  one  being  the 
inverse  of  those  of  the  other ;  both,  however,  were  closely  associated 
with  the  prominence  frequency. 

In  a  subsequent  papert  we  showed  that  these  two  regions,  in  which 
these  inverse  pressure-variation  conditions  were  clearly  distinguishable, 
were,  as  far  as  had  then  been  investigated,  of  considerable  extent,  the 
Indian  region  extending  to  Ceylon,  Java,  Mauritius  and  Austraha, 
and  that  of  Cordoba  to  the  southern  part  of  the  United  States. 

The  facts  there  collected  were  stated  to  be  so  suggestive  that  the 
inquiry  was  being  continued  by  collecting  and  discussing  observations 
made  in  other  areas  on  the  earth's  surface,  so  as  to  note  the  extent  of 
these  similar  pressure  areas. 

The  present  communication  contains  the  results  that  have  so  far 
been  obtained. 

The  greater  portion  of  the  facts  here  collected  has  been  discussed 
some  time,  but  as  it  was  considered  desirable,  before  communicating 
the  present  paper,  to  include  as  many  regions  on  the  earth's  surface  as 
could  be  obtained,  a  longer  delay  than  was  anticipated  has  taken 
place ;  even  now  there  are  many  regions  which  we  have  been  unable  to 
include.  The  regions  for  which  further  observations  are  desired 
include  the  west  coast  of  Africa,  the  northern  part  of  South  America, 
and  the  north-western  portion  of  North  America,  and  Polynesia  in  the 
South  Pacific  Ocean. 

In  our  previous  papers  we  have  pointed  out  the  advisabihty  of 
dividing  the  year  into  groups  of  months  according  as  the  pressure  is 
alK)ve  or  below  the  mean  value  for  the  year.  In  this  way  the  high  or 
the  low  pressure  months  can  be  dealt  with  separately,  if  necessary, 
and  any  excess  or  deficiency  from  a  mean  value  exhibited  in  either  or 
both  of  these  from  year  to  year  can  be  closely  followed. 

Such  a  division  of  the  year  can  be  accurately  determined  for  places 

.  »  *  Eoy.  Soc.  Proc./  toI.  70,  p.  500. 
t  *  Boy.  Soc.  Pi-oc.,'  vol.  71,  p.  134. 
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which  hi^ve  a  regultir  nTnd  pronounced  annuftl  presaure  v^riiittoD,  m^ 
m  India,  and  where  the  yearly  1>f*ronietric  range  U  of  far  gresXff 
magnitude  than  any  other  ftporiodic  fluctufition. 

In  those  regions  where  tho  mcJtn  yearly  curve  is  more  mideadi^ 
than  otherwise,  the  <li vision,  at' cording  to  the  two  Beaaons  included  k 
the  two  groups  of  months,  April  to  September  and  October  to  Marcii 
is  Wst  adaptetL* 

The  sy  ft  tern  adopted  in  the  present  investigation  was  to  uketie 
pressure  variations  over  India  and  Cordoba  as  the  chief  types  of  &A 
regic^ny  denoting  those  of  the  former  by  the  symliol  ( +  )i  and  thc»se  ff 
the  latter  by  {  -  ).  The  pressure  curre  of  any  other  phtce  w;ts  ihtu 
taken  and  compared  with  each.  If,  for  example,  it  was  foiitul  thnC  ibc 
curve  extending  over  several  yenrs  exhibited  an  excess  pressure  m 
those  epochs  when  the  Indian  pressure  curve  was  in  excess^  then  it  vu 
clafisificd  as  being  similar  to  the  Indian  type  and  represented  by  n{r)- 
If  it  wiis  seen  that  although  it  was  more  like  the  Indian  carve  thin 
that  of  Cordoba^  but  yet  not  qiiite  the  exaet  counterpart  of  Infliir 
then  it  was  denoted  by  ( +  t).  In  a  similar  way  pressure  curves  likr 
Cordoba  were  chissified  as  ( -■ ),  and  those  more  like  Cordoba  thui 
India  as  (  -  t). 

In  some  regions  the  pressure  variation  curves  were  diatinctly  a 
mixture  of  both  the  Indian  and  Cordoba  types,  and  it  was  difficult  to 
classify  them  satisfactorily  by  the  above  metho^L  The  symbi.jl  adopted 
for  these  cases  was  (  ±  t).  Again,  there  wore  further  some  ciirves  in 
which  even  this  mixed  type  of  symbol  was  not  sufficient  to  exhibit  the 
relationship  of  their  var  iations  to  the  other  curves,  so  a  special  symbol 
(?)  denoting  ambiguity  was  us^eih 

In  the  present  investigation  of  this  similarity  or  dissimilarity  of 
atmospheric  pi  essuro  changes  over  largo  areas',  it  was  found  that  the 
special  types  were  apparent  sometimes  in  the  yearly  curves,  sometimes 
in  those  for  one  or  other  of  the  liigh  or  low  pressure  groups  of  months, 
or  sometimes  in  both  of  these.  It  flid  not,  however)  ap|>ear  to  follew 
that,  because  the  type  was  distinguishable  in  the  yearly  cui-ves,  it  wa.*  I 
necessarily  fipparent  in  both  the  curves  of  the  high  and  low  pre^iire 
jnonths. 

The  accompanying  tal>Ie,  although  yet  somewhat  incomplete^  giv^ 
a  tabulated  statement  of  tho  data  employed  in  the  present  survey. 

The  table  explains  itself,  but  it  may  he  remarked  that  in  Columris  5 

•  To  slmwf  ibr  irnalLmding  nature  of  tlic  meoj]  finDtia]  prpi^fiure-variiiHoti  currc 
over,  for  exaniple,  tlie  British  Isles,  it  is  only  necessary  to  plot  the  actual  monthU 
Tallies  of  pressure  for  any  one  jear  on  this  mean  curve  and  draw  a  curved  line 
through  them,  when  it  will  be  seen  that  there  is  practically  no  relationship  what- 
ever between  the  two  curves.  If,  on  the  other  hand,  the  actual  monthly  pressure 
values  during  any  one  year  be  plotted  on  the  mean  annual  prtssure-variation  curre 
for  India,  the  former  follow  yery  closely  the  swing  and  amplitude  of  the  latter. 


1904.]         Short-Period  Atmospheric  Presmre  Variation,  459 

and  7  are  given  the  groups  of  months  (whether  high  or  low  pressure 
months)  in  each  case  for  which  the  pressure  curves  examined  afforded 
the  greatest  resemblance  to  the  types  which  form  the  basis  of  the 
classification.  In  cases  in  which  the  curves  of  the  mean  yearly  values 
alone  have  been  utilised,  these  columns  have  been  left  blank  and 
reference  made  in  the  coliunn  headed  "  General  Eemarks." 

Although  the  above  classification  gives  a  very  fair  idea  on  the  whole 
of  the  types  of  pressure  variations  from  one  region  to  another,  minor 
peculiarities  have  been  met  with  which  have  tended  to  add  a  certain 
amount  of  difficulty. 

These  remarks  apply  principally  to  places  in  the  more  northern 
latitudes. 

Thus,  for  instance,  Greenland  and  Iceland  have  been  classified  as  of 
the  ( +  ?)  type,  the  British  Isles,  Germany,  and  Spain  of  the  ( ±  1)  type, 
and  the  Azores  of  the  ( -  ?)  type.  From  a  glance  at  the  accompanjdng 
plate  (Plate  12),  which  shows  the  relation  to  each  other  of  some  of  the 
pressures  over  these  areas,  the  changes  from  a(-?)toa(  +  ?)  type 
can  be  observed. 

It  will  be  seen  that  although  practically  the  same  groups  of  months 
have  been  taken  in  each  case,  pressure  in  excess  of  the  mean  value  in 
Greenland  or  Iceland  corresponds  to  a  deficiency  of  pressure  over  the 
area  covered  by  Great  Britain,  Austria  and  Spain,  the  curves  being 
in  the  main  the  reverse  of  each  other.  Again,  the  pressure  curve  for 
the  Azores  follows  more  nearly  the  (-)  type,  as  will  be  seen  by 
comparing  it  with  the  Cordoba  curve,  but  it  has  a  certain  similarity 
to  those  of  Madrid,  Vienna,  etc.,  to  which  it  must  therefore  be  closely 
connected. 

While  the  western  portion  of  Europe  is  of  this  (±?)  type,  the 
eastern  portion  gradually  assumes  the  ( -  ?)  type,  and  this  region 
extends  not  only  probably  to  Norway  and  Sweden,  but  right  across 
European  and  Asiatic  Russia.  The  European  Russian  type  of  curve 
has  an  undoubted  similarity  to  those  of  more  Western  Europe,  but 
there  are  variations  which  indicate  that 'the  type  is  more  like  that  of 
Cordoba  than  India. 

Again,  another  region  in  which  rather  mixed  types  of  pressures  are 
met  with  is  that  of  Eastern  and  North-eastern  Canada.  Curiously 
enough  Prince  Edward  Island  and  Sydney  (Nova  Scotia)  correspond 
very  closely  to  the  (  -  )  type,  if  allowance  be  made  for  the  differences 
about  the  year  1877. 

The  inverted  curve  for  the  latter  with  the  Adelaide  (Australia) 
pressm^  curve  for  comparison  is  shown  in  an  accompanying  plate 
(Plate  13). 

In  addition  to  illustrating  this  reversal  between  Adelaide  ( + )  and 
Sydney  (Nova  Scotia)  ( -  f),  this  plate  shows  also,  to  serve  as  examples^ 
carves  for  two  other  sets  of  reverse  pioaaxxi^  ftwv^MviXN&.     T-pwa 


460 


Sir  K  Lockyer  and  Dr.  W.  J.  S.  Lockyer. 


[M 


CouDtrj. 


3tafiD£u 


IType, 


Bemnrkt  on  tjpe. 


Fmi4«f 


Cejlon. . ,  ,  *  ♦ 

F#nf  n  .....> 
Atabu 

TDdian  Ocean 


PhiJippitiw.  . . ' 
Malar  Pemn. 


Bombaj  , 


Cftleutttt  ....... 

Darjeeling  ,, .. . 
OolomlKi  ....ft. 


Bnaliire* 


Eodrigues 


M&nritiue . 
Manila  . . . 


Aijstmlifl  , 


Africa .  ...... 


Singapore  . . 

Perth 

Adelaide . . . 


AvH');lATJfl  . ,, »,  . , , » , 
Zanzibar  ([^luml)  * .  , 


I 


South  America 


/ 


West  Tutiie^ti 


Diirhiiri 


Cni  ro 


AlPTiiiidria 
Bi«fkru  > .  . .  . 


Siprni  LpoDP.  >....«  . 
St.  ThomriR  (I island)  , 
Kiinberley  .«,,«,  ^. . 
S;t.  Viiul  de  Loando. , 


Tiigumeti  * 


SaotiugLt . .  « ■  ■  p 

Hio  do  Jfmt'iro 
Jaiu.'iica  .»,,.. 


4- 

4 

+ 
+ 

+ 
+ 


Chiwf  (  +  >i7pe.i««  FlaU  13      ie60-ldO 


I 


Slipht  diff<*rt*n('ps  .*».,., 
Bomarijablj  pronounced. 


DiiTicuIt  to  rlas^jfir  , 


+ 
+  ? 


-F 

,      +  ? 


ism -1908 

1880— iwa 

1S75-IU'^J 

is8t-<isua 

1883— IM 

18e6-!8» 
18B6^t«e 

1S75-IW* 
1969-1901 

is^fi^lj^^l 


istr-  -ir*^ 

1301— l^ 

lS?>-l^i^ 
lS74-l^^i  j 

1ST6— lft» 
1S71-1^^ 
187fi— 1^ 


Chief  {-)  typcsep  Plate  ml     lS73"ht^  ' 

Di-itinctly  liV  Corduba  , ,  1      iH^r,— 1^^   ' 

Kiactlj  like  Cordoba  , , . »        |  s77—  l^y" 
IS74-1S84  i| 

l»»;fi-J90il 


Barhsidoe^  -. "^     \ 


im^-\^ 


]  Short-Period  Atmospheric  Presmre  Variation. 

lure  Types. 


46 


I3£oiith8  in  which  types  are 
most  conspicuous. 


Source  of  data. 


General  remark*. 


^pr. — Sept. 


^pr. — Sept. 

Oct.^Mar. 

^pr. —  Sept. 


May— Oct. 
June — Oct. 


Apr.— Sept. 


Low  press. 


Low  press. 

High  press. 
Low  press. 


High  press. 


High  press. 


Indian  Monthly    Weather 
Beviews 


KoT. — Apr. 
Oct. — Mar. 
Apr. — Sept. 

Oct.— Feb. 
Not. — May 

Apr. — Sept. 

May— Oct. 
May— Sept. 

VOL.  LXXIU, 


Low  press. 


High  press. 
Low  press. 


High  press. 
Low  press. 

High  press. 


Mauritius  Met.  Obsns 

it  it  .••.... 

»»  i»  

Meteorological  Office 

Beport  of  Philippine  Com- 
mission 

Met.  Obsns.  at  Straits  Settle- 
ments 

Met.  Obsns.  at  Perth  and 
district 

Met.  Obsns.  at  Adelaide 

Met.   Obsns.    in   New   South 

Wales 
New  Zealand  Statistics  (Met.) 

Met.  of  New  Zealand     

Indian    Monthly    Weather 

Beviews 
Beport  of  Govt.  Astronomer, 

Natal 

Meteorological  Office 

Met.  Report  of  Abassia  Obey., 

Cairo 

Met.  Zeitschrift,  18»7 

Kong.    Sf.   Vet.    Ak.    Hand- 

lingar,  vol.  29,  No.  3 
Army  Medical  Dept.  Beports 
Lisbon  Met.  Obsns 

Supplement  to  Annals  of 
L.isbon  Observatory  and 
Loanda  Met.  Obsns. 

Anales  do  I'Oficina  Met.  Argen- 
tina, vol.  ziii 

Anales  de  TOficioa  Met.  Argen- 
tina 

Kong  Sv.  Vet.  Ak.  Handlingar, 
vol.  29,  No.  3 

Meteorological  Office 

Army  Medical  Dept.  Beports 


Type  equally  prominent  in 
curve  for  year. 


Yearly  curve  only  examined. 

>}  ti 

Type  equally  prominent  in 

curve  for  year. 
Becord  very  short. 
Equally  prominent  in  yearly 

and  Oct. — Mar.  curves. 
Yearly  curve  alone  examined. 
Short  and  uncertain  record. 

Yearly  curve  examined. 
Prominent  in  yearly  curve. 


Very    prominent    in  yearlj 
curve. 


1877  pulse  absent. 

Becord    very     broken    and 
short. 


Broken  record,  1871—1877. 


Becord  too  short. 

Yearly  curve  alone  examined. 

Becord  too  shcrt. 

Yearly  curve  alone  examined. 


Broken  record. 
Continuous  good  record. 


Yearly  curve  alone  examined, 
Two  short  breaks  ic 
record* 
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f  ODths  in  whicli  types  are 
most  conspicuous. 


Source  of  data. 


ror.— Feb. 

>ct. — Mar. 
Tot. — Mar. 
ept.— Feb. 
For. — Apr. 
liar. — Aug.) 
wpr. — Sept. 

>cfc.— Mar. 
tay— Oct. 
►ec. — May 
une—Nov. 


ct. — Mar. 


9C. — Mar. 


ig.^Nov. 
ig.— Feb. 


jt.— Mar. 
>r. — Sept. 

>} 

pfe. — Mar. 

»» 
pr. — July 

pr.—  Sept. 

pr. — Sept. 
ar. — Aug. 


pr.— Sept. 


High  press. 


(Low  press.) 
Low  press. 

High  press. 
Low  press. 

High  press. 


High  press. 


High  press. 


High  pre8«. 
Low  press. 


Low  press. 
High  press. 

11 
Low  press. 
High  press. 
High  press. 

>> 

High  press. 
Low  press. 


Low  press. 


Report  of  Chief  of  Weather 
Bureau,  U.S.A. 


G-eneral  remarks. 


Short  record. 


Record  broken,  1882—1886. 

Yearly    mean    curve    alone 
examined. 


Short  record. 

Yearly  cur  re  alone  examined. 

Broken  record. 
Record  somewhat  broken. 
Yearly  curre  alone  examined. 


Record  broken  after  1891. 
Record  twice  broken. 
Yearly  mean  curve  examined. 

Record  broken,  1883—1887. 
1874-1875. 


Kong.   Sv.   Vet.    Ak.   Hand- 

lingar,  vol.  29,  No.  3 
Army  Medical  Dept.  Reports 
Report  of  Met.  Service  of  Dom. 
of  Canada  • 


Met.  Obsns.,  Honolulu 
Met.,  Zeitschrif t,  1892 

Danish  Met.  Aarbog . . 


Met.  Aarbog  Norsk 


MSS.  Met.  OfTice  Records  . 


Results    of    met.    and    mag. 

observations,  IS  tony  hurst 

MSS.  Met.  Office  Records 

Kong.    Sv.    Vet.   Ak.    Hand- 

lingar,  vol.  29,  No.  3 
Madrid  Met.  Obsns 


Army  Medical  Dept.  Reports . '  „  „ 

Lisbon  Met.  Obsns 

Denkschriften      Kaiserliehen 

Ak.  de  Wissenscljaften 
Kong.    Sv.   Vet.    Ak.    Hand-    Short  record  of  definite  type. 

lingar,  toI.  29,  No.  3. 


Yearly  curve  alone  examined. 
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CpuntTT. 
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Bombay  ( + )  is  compared  with  the  Cordoba  ( - )  pressure  » 
(inverted),  and  is  an  example  of  the  adopted  types  of  pressure  '^ 
tion.  Iceland  is  compared  with  that  of  the  Azores  (inverted). 
shows  the  reverse  conditions  that  prevail  between  a  (  r  ?)  tvpe  i 
(-?)type. 

A  fact  to  ^vhich  attention  was  very  often  drawn  in  attemptii 
classify  the  pressure  curves  was  that  some  ciu-ves  after  followini: 
closely  for  many  years  the  Cordoba  (  -  )  or.  Indian  ( +  )  type  of  p:f> 
as  the  case  may  be,  would  revert  l)ack  to  the  opposite  type  f 
period  of  years.  Thus  to  take  the  case  of  one  station  alone,  iiai 
Sydney  (Xova  Scotia)  as  an  instance,  the  pressure  curve  tulbtv.-s 
closely  that  of  India  from  1875 — 18S2,  after  which  up  to  lS90i 
a  very  close  resemblance  to  the  Cordoba  type.  The  behaviour  oi 
Sydney  (Nova  Scotia)  pressure  curve  can  be  compared  with 
Adelaide  (Australia)  curve  in  Plate  13,  but  it  must  be  noticed  rh.) 
former  has  here  ])een  imrrtt'/. 

There  is  auotliCT  \mpoTl;vw\.  Wv  \\V\0^  \.l\\=  stu<ly  has  brouj: 


^1 

^pes — contimud. 


Short-Period  Atmospheric  Pressure  Variation. 


46 


tlis  in  nrhich  types  are 
most  coatpicaooB. 


Source  of  data. 


General  remarks. 


■►^.— Apr. 

Low  press. 

Annales  de  TObsj.  do  Infante 

D.  Luiz 
Besum^  de  las  Obs.  Met.  de 

Prominent  in  yearly  curve. 

•  • 

1886  no  record. 

Provinces  (Spanish) 

•  • 

•• 

Annales  de  TObsy.  Cent.  Phys. 
de  Kusse 

Yearly  carve  alone  examined. 

««pt.— Feb. 

High  press. 

•• 

•• 

Kong.  St.  Yet.  Ak.  Handlingar, 
Tol.  29,  No.  8 

kNiii.— Mar. 

High  press. 

Meteorological  Office 

•  • 

•  • 

Annales  de  TObsy.  Cent.  Phys. 

Break  in  record  1875—1887. 

de  Ru9se 

Yearly    curve    alone    ex- 
amined. 

fc~         •  • 

, , 

yy                          f> 

■Vhft.— June 

High  presj. 

Meteorological  Office 

^M.— Mar. 

>» 

i»                    »» 

Prominent  in  yearly  curve. 

•^rj^r.— Sept. 

»♦ 
Low  press. 

»                    If 
»f                    »» 

fi                     >• 

•  • 

•• 

Annales  de  I'Obs.  Cent.  Phys. 
de  Busse 

^Krt;.— Mar. 

High  press. 

Kone.  Sr.Vet.  Ak.  Handlingar, 

Short  record.    Prominent  in 

Tol.  29,  No.  3 

yearly  curve. 

^:|pr.— Sept. 

Low  press. 

Met.    Zeitschrift,    1886,    and 
Observations  made  at  Hong- 
Kong  Observatory 

Viiible  in  yearly  curve. 

f» 

i> 

Met.  Zeitschrift,  1899 

•  • 

•  • 

Beport  of  Cent.  Met.  Obsy.  of 
Japan. 

All  the  curves  for  the  half- 

yearly  and  yearly   values 

show  similar  variations. 

light  and  which  plays  most  probably  an  important  rdle  with  regard  to 

idle  pressure  variations  at    places   which  exhibit  a  mixed  type  of 

.  3>T888ure.     The  earth's  surface  as  has  been  shown  may  be  divided 

-^mainly  into  two  regions,   one  portion   showing  excess  pressures  at 

<^rtain  epochs,  while  the  other  shows  deficient  pressure  at  the  same 

40poch8.     If  the  former  region  exhibits  a  greater  excess  than  usual  (as 

«n  example,  the  Indian  region  in  1877),  then  the  region  over  which 

stills  tjrpe  of  pressure  occurs  may  probably  be  more  extensive,  and  the 

l>oundary  dividing  the  two  chief  types  of  pressure  will  necessarily  be 

pushed  away  from  this  region.     Stations,  therefore,  that  were  just 

4>n  the  fringe  of  this  boundary  may  at  these  epochs  become  enveloped 

in  this  more  extensive  high-pressure  area,  and  will  exhibit  the  Indian 

type  of  pressure  variation. 

Should  the  Cordoba  region  become  more  extensive  than  usual  owing 
to  a  similar  cause,  then  the  border  stations  will  assume  the  Cordoba 
type  of  pressure  variation.  It  is  not  proposed  to  enter  here  \s\^^ 
detail  on  this  point,  aa  the  subject  requires  vety  e\Q&^  ^lJ^\s£ei^&^I\^\^^^^sv^ 
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mention  may  l>e  made  of  the  very  great  area  wMeh  was  coT«red  W 
contmiioiis  e^fcessiTe  liigh   pressure   that  prevailed    over   tlie 
region  from  the  end  of  1876  to  aT>out  the  middle  of  1878, 

On  iig,  1  ia  given  a  map  of  the  world  on  whieli  are  marlcal 
types  of  pressure  variations  in  each  region  which  is  included  ia 
barometric  surrey. 

An  attempt  has  been  made  hy  means  of  a  neutral   line  to 
approximately    the  mean    lines  of    separation    of    these    two 
pressure  types,  although  it  roust  be  remembered  that  this  line  w  li 
to  a  probable  small  oseUlation  about  its  me^n  position. 

As  far  as  can  at  present  be  determined,  one  line  comtoencing  lo 
w^t  of  Alaska,  separating  this  region  from  Siberia,  passes 
along  about  the  ^0°  parallel  of  latitude  and  runs  in  a  fsoutli^ 
direction  between  South-west  Greenland  and  Xorth-east  C^oadk 
then  crosses  the  North  Atlantic,  parsing  to  the  north  of  the  Asom^ 
sldrts  the  south-western  portion  of  PortugaL  It  tbeii  fitrfkei 
towards  the  Equator,  cutting  North- west  Africa,  as  far  as  eii 
juflged  from  the  scant  pressure  values  available,  through  the  middle 
the  Siibara,  It  leaves  Africa  near  the  Gold  Coast,  passes  into  ihi 
Sdutb  Atlantic,  where  it  cannot  be  traced  fnrtber  owing  to  Uefc  *^ 
olfscr  vat  ions  in  thi?^  southern  ocean. 

The  other  lioinnlary  or  nentral  liue  passes  to  the  north^a^  <i  j 
Grtoniand  and  north  of  IcclfiTub  cro,s5e3  the  southern  p*>rtiun  ^^ 
Norway  and  Sweden,  and  traverses  Southern  Pilnropean  Kus^a.  li 
then  takes  a  course  somewhat  more  easterly,  skirting  the  northern  t^^ 
of  the  Caspian  Sea  anrl  Turkestan,  pa^sc^  between  Til>et  and  MungoliL 
and  tbroujL^h  China.  It  then  leaves  the  C« eminent  a  Httle  to  the  «i»iiii 
of  the  Yellow  Sea,  and  parses  into  the  North  Pacific  Ocean,  Hereii 
path  e:  in  not  be  traecd^  but  it  evidently  passes  well  to  the  easi  of  ^, 
rhiiippine  Inlands,  and  Solomon  Islaiids^  takes  a  new  south-wesicdf 
course,  skirting  the  eastern  side  of  Australia  and  [xissing  t<et 
Tasmania  and  New  Zenland,  Its  track  is  then  attain  ket  in 
Southern  Pacific  Oeean. 

Althongh  too  much  weight  must  not  at  present  be  given  V?  :be 
positions  of  these  neutral  lijies  throughout  their  whole  length,  it  ^ 
interesting  to  note  that  they  are  fairly  $yTiimetrical  to  one  ajiotbtr 
although  no  attempt  has  been  made  to  make  them  so. 

Both  lines  apparently  cross  the  equator  at  about  antipodal  point.-,  i? ' 
both  appear  to  have  a  similar  trend  in  northern  and  southern  latitu-ies. 

We  seem  then  to  be  in  presence  of  a  general  law  relatini:  i*'  "^^^ 
pressures  which  occur  simultaneously  in  two  different  regions  of  the 
^dobe,  separated  and  defined  more  or  less  by  a  neutral  line,  this  neur^^ 
line  forming  a  fulcrum  about  which  see-saws  of  pressure  from  o-^ 
region  to  another  take  place.  Special  cases  of  such  reverse  pre^ju^: 
variations  have  been  previously  detected. 


)4.]        Short-Period  Atmospheric  Presitcre  Variation. 
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ic^iuiife  wnicn  exnimtea  opposite  types 

The  following  places  .'^re  those  to  wl 
cornpuisou  we  give  the  types  in  bra* 
according  to  the  method  adopted  in  the 
is  added  the  region  has  not  been  examii 

The  Azores  (  -  1)  and  Iceland  (  + 1) ; 
especially  in  winter ;   Tahiti  (  ±  ?)  and 
and  Siberia  (  -  T) ;   Greenland   {+V)  ai 
BueuDS'Ajres  (  - 1)  and  Sydney  (Austra 

It  u  interesting  to  note  that  these 
with  the  present  distribution  of  the  regi 

Again  Hunn^  has  recently  drawn  at 
exists  a  £ee-&)w  between  the  Azores  anc 
in  80  per  cent,  of  cases  the  largest 
Stykkisbalin  {Iceland),  corresponded  t 
at  Pont4i  Delgada  (Azores),  and  that 
variations  at  Stykldsholm  were  in  87  pe 
tions  at  Ponta  Delgada. 

This  resuU  obtained  from  the  observ. 
1900  endorses  Hildebrandsson's  previa 
observations  over  the  period  1874 — 188^ 
the  neutral  line  shown  on  fig.  1,  divic 
pressure  areas. 

Quite  reeeiilly  Professor  Bigelow§  has 
on  which    he    has    indicated    the    <listril 

nr-rnrrlinrr     o.    fl ^    ii    ...    .1        t      .• 
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which  it  is  very  difficult  to  say  exactly  which  type  is  followed,  and 
as  he  says  there  may  he  "  differences  of  opinion  as  to  the  assignment 
of  some  of  these  curves,  but  the  reader  can  make  any  different 
arrangement  that  he  prefers." 

In  most  of  the  main  features,  however,  his  map  suggests  a  somewhat 
similar  distribution  of  these  pressure  types  to  that  given  here.  Thus, 
he  finds  that  "the  region  around  the  Indian  Ocean  gives  direct 
synchronism,  South  America  and  North  America  give  inverse 
synchronism,  while  Europe  and  Siberia  give  an  indifferent  type. 
Greenland  and  Iceland  seem  to  have  direct  type  like  the  Indian 
Ocean  .... 

"The  eastern  hemisphere  tends  to  direct  synchronism,  except  in 
Europe  and  Russia  where  the  indifferent  type  prevails,  and  the 
western  hemisphere  to  the  inverse  type." 

It  may  be  further  pointed  out  that  regions  which  are  the  reverse  of 
one  another  as  regards  these  secular  pressure  variations  should  very 
probably  experience  opposite  kinds  of  abnormal  weather,  while  those 
over  which  the  same  type  of  pressure  variation  exists  should  have 
weather  of  an  abnormal  but  similar  nature. 

That  this  is  inclined  to  be  so  as  regards  the  latter  statement  has 
been  recently*  very  forcibly  pointed  out  by  Sir  John  Eliot  with 
respect  to  the  Indian  area.     He  writes : — 

"The  drought  of  1895 — 1902  was  a  more  or  less  general  meteoro- 
logical feature  of  the  whole  area,  including  Abyssinia,  East  and  South 
Africa,  Afghanistan,  India,  probably  Tibet,  and  the  greater  part  or 
whole  of  Australia." 

The  whole  of  this  region,  as  will  be  seen  from  the  accompanying  map 
(fig.  1),  is  embraced  by  the  ( + )  type  of  pressure. 

In  the  light,  therefore,  of  the  existence  of  these  large  regions  of 
opposite  pressure  types,  it  is  vital  in  the  interest  of  long-period  fore- 
casting that  observations  from  all  portions  of  the  globe  should  be 
included  in  any  discussion. 

Several  years  ago  Eliott  drew  attention  to  these  oscillations  of 
pressure  of  long  period,  other  than  the  diurnal  and  annual  oscillations 
in  India.  In  this  important  memoir  he  pointed  out  that  "  they  are 
directly  related  to  the  largest  and  most  important  features  of  the 
weather  in  India,  viz.,  the  character  and  distribution  of  the  precipita- 
tion of  rain  and  snow  in  the  Indian  monsoon  area." 

There  is  reason,  therefore,  to  believe  that  this  short  period  pressure 
variation  will  in  the  future  be  of  considerable  assistai^ce  in  helping 

•  '  Broad  Views,'  p.  193 ;  *  The  Meteorology  of  the  Empire  duriDg  the  Unique 
Period  1892—1902/  by  Sir  John  Eliot,  K.C.I.E.,  F  E.S. 

t  "  A  Preliminary  Discussion  of  certain  Oscillatory  Changes  of  Pressure  of  Long 
Period  and  of  Short  Period  in  India,"  *  Indian  Met.  Memoirs,'  toI.  6,  part  2,  1895. 


470  Sir  W.  Ikm.^y  and  Pi  of.  J-  N,  CoUia         [May  18, 

'   met'eorologists   to   form   a   more   defmit^   idea   of    the   prospects  if 
approaching  seasons. 

We  wish  to  express  our  thanks  to  Dr.  W,  N.  Shaw.  F,R*Sb,  whu 
has  kindly  assisted  the  work  by  permitting  Ufi  t^  utilise  the  raJnaUt 
collection  of  pressure  data  deposited  in  the  archives  of  the  Met^odi^- 
logical  OfBee, 

We  also  owe  a  debt  of  gratitude  to  Messrs.  W-  Mciss  and 
T.  F,  Connolly,  who  have  shown  great  zeal  in  completing  tl* 
necessary  computations  and  drawing  the  numerous  curves  which 
required  for  the  different  stations  that  have  been  investigated. 
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Attempts  have  been  made  ^ince  July,  1903,  to  see  and  map  the 
spectrum  of  the  emanation  from  radium,  for  at  that  date  the  con- 
version of  the  emanation  into  helium  was  observed  by  Ramsay  and 
Soddy,  and  during  the  first  discharge  of  the  induction  current  through 
the  emanation,  it  was  believed  that  a  peculiar  spectrum  was  notice^I ; 
indeed,  three  lines  were  persistent,  and  were  nientioiie<l  in  the 
comnuuiication  on  the  subject  in  these  'Proceedings.' 

But  such  attempts  have  uniformly  failed ;  at  the  first  moment  of  the 
discharge,  indeed,  a  brilliant  spectrum  has  twice  been  ol>served.  whi-.h 
soon  became  confused  and  indistinct.  It  faded  l>eforc  it  was  possiMe 
to  map  it,  and  owing  to  the  presence  of  impurities,  generally  carbon 
monoxide,  nitrogen,  or  hydrogen,  the  special  spectrum  was  oV»scurea. 
All  that  could  be  said  was  that  it  appeared  to  present  some  brilliantly 
green  lines. 

These  experiments,  however,  have  not  l)een  fruitless  ;  they  have  led 
to  better  knowledge  of  the  precautions  which  it  is  necessary  to  take 
to  eliminate  impuiities.  The  arrangement  of  the  apparatus,  too.  h.is 
been  simplified,  and  the  manipulation  made  easier.  As  it  is  possilJe 
that  others  may  wish  to  repeat  the  experiments,  and  may  perliaps 
have  even  better  success  in  nia])ping  the  spectrum,  we  think  it  well  !■> 
enter  into  the  details  of  the  manipulation  somewhat  niinutelv,  and 
to  give  a  woodiut  of  the  ap})aratus  employed. 

The  stock  of  radium  bromide  (about  109  milligrannnes)  dissolved  in 
about  10  c.c.  of  water  in  two  small  bull)s  was  attached  l>y  sealing  t<-»  a 
small  Topler's  pump.  Between  the  pump  and  the  bulb  there  was 
a  stop-cock,  greased,  of  cotnse,  to  insure  freedom  froni  leakage  :  but  in 
order  to  prevent  the  \ou^  eowXvv^v  ol  vW  v^wvduation  with  the  stop-cock, 
and  its  possible  coulanuuaUow  \\\\.\\  evv\\^vi\\  ^w^^fA^^^x^c.^  vv\six^i:^sscs^v?iL 
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the  pump  was  caused  to  flow  past  the  stop-cock  by  raising  the  reservoir 
of  the  pump  and  closing  the  exit  tube  at  its  lower  end ;  the  mercury 
slowly  leaked  past  the  valve  of  the  pump,  passed  the  tap  (which  was 
then  shut),  and  so  confined  the  space  above  the  radium  bromide  by 
means  of  mercury.  As  radium  bromide  yields  electrolytic  gas, 
containing  an  excess  of  hydrogen,  the  pressure  gradually  rose ;  the 
mercury  in  contact  with  this  gas  remained  perfectly  bright,  and 
showed  no  tendency  to  adhere  to  the  glass;  the  presence  of  ozone 
thus  appears  to  be  excluded,  but  this  excess  of  hydrogen  will  form  the 
subject  of  a  future  commimication. 

The  emanation  was  allowed  to  accumulate  for  14  days.  The  pump 
was  exhausted  until  no  trace  of  a  bubble  passed  down  the  capillary 
exit  tube.  But  as  even  then  a 
trace  of  air  must  have  remained 
in  the  barrel,  the  tap  leading  to 
the  bulbs  containing  the  radiiun 
bromide  was  turned  rapidly,  so  as 
to  admit  a  trace  of  the  electrolytic 
gas  into  the  pump  and  '<  wash  it 
out."  This  gas  was  rejected.  The 
remaining  electrolytic  gas  with  the 
emanation  was  collected  in  a  tube 
which  had  previously  been  heated 
to  redness,  and  then  twice  washed 
out  with  pure  oxygen.  The  mer- 
cury in  the  collecting  tube  was 
then  boiled,  and  the  bubble  of  gas 
removed.  It  was  hoped  thereby 
to  have  eliminated  every  trace  of 
nitrogen.  The  gas  was  then  intro- 
duced into  the  gas-burette,  shown 
in  the  figure,  through  the  inverted 
syphon.  All  the  mercury  was 
freshly  filtered  and  pure.  The 
apparatus,  too,  was  freshly  con- 
structed and  heated  to  redness  to 
bum  out  traces  of  dust.  The  gas- 
burette  had  been  washed  out  with 
alkali  and  with  nitric  acid,  and 
then   with  a   stream   of   distilled 

water;  it  was  dried  by  drawing  through  it  a  stream  of  dust-free  air. 
Some  slightly  moist  caustic  potash  was  melted  on  to  the  glass, near  the 
sparking  wires  ;  this  was  intended  to  absorb  any  trace  of  carbon  dioxide 
which  might  have  chanced  to  be  formed  during  the  ex^Umws.  <5k    \!^^ 
electroljlic  gsis  hy  the  burning  of  dust.  TL\ie  tuV>\i«t  XiXsJo^  ^^'^  ^^\sNfc\?^to^ 
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-on  to  the  burette ;  the  burette  was  washed  out  twice  with  orrgt^ 
wad  hy  lowering  the  reservoir  several  times  the  upper  ead  was  laids  * 
torricellian  vacuum ;  it  was  left  thus  for  some  time,  so  as  to  iojiure  tht 
removal  of  adhering  nitrogen  from  the  vtuXU  of  the  tube. 

The  electrolytic  gas  was  then  introtluoed,  and  esploderL  Af  the 
-eaqplosion -burette  was  graduate^l,  the  total  volume  of  the  ga^^  ms  well  ^ 
that  of  the  residual  hydrogen,  was  re^d.  There  were  16*43  c.c  rf 
^s  ;  the  residual  hydrogen  measured  I'Ol  e.e.  at  normal  tempefatura 
^nd  pressure,  and  thus  amounted  to  6'18  per  cent,  of  the  totnL  Tlii 
volume  of  this  gas  was  increased  by  lowering  the  pressure  so  ihat  it  «ai 
in  contact  with  the  fused  potash.  It  was  left  for  more  than  an  boor; 
the  potash,  of  course,  was  wet  with  the  water  formed  by  the  exploaioii 

The  capillary  tubes  above  the  stop-cock  of  the  gsis-burette,  wlui^  hid 
been  twice  washed  out  with  oxygen,  were  pumped  as  empty  ae  posKbfeii 
until  the  vacuum*tul>e  showed  only  the  yellow  and  green  lin^  of  tJii 
mercury  spectrum,  and  the  faintest  trace  of  a  hydrogen  speL-tnini-  A 
strong  current  was  passed  between  the  electrodes  so  as  to  heat  tbett 
find  exjwl  occludetl  oxygen.  After  this  process  had  been  fvih.:  ^-  ^  ^ 
long  as  wAs  thought  safe,  until,  as  remarked,  the  hydrogen  spectrum 
was  extremely  faint,  the  tap  to  the  pump  was  closed.  The  hydrogen 
containing  the  emanation  was  then  admitted  from  the  explosion- 
burette  ;  it  was  dried  by  passage  through  the  narrow  tul»e  B  filled 
with  phosphoric  anhydride,  and  it  entered  the  bulb  C,  and  the  vacuura- 
tu1)e  D.  This  vacuum-tube  was  made  of  lead  glass,  with  electrodes  oi 
aluminium.  It  was  2*5  cm.  long,  with  a  capillary  of  about  1  era.  iu 
length.  The  aluminium  electrodes  were  closely  surrounded  with  glass, 
fused  round  them,  so  as  to  limit  the  capicity  of  the  tube  as  much  as 
possible  ;  it  was  proba])ly  under  one-twentieth  of  a  cubic  centimetre. 

Liquid  air  was  next  poured  into  the  jacket  surrounding  the  bulb  C. 
and  the  reservoir  was  raised  and  lowered  half  a  dozen  times,  so  as  to 
convey  all  the  gas  into  contact  with  the  cooled  bulb.  The  meroiirr 
Avas  then  raised  to  the  level  fl,  and  the  tap  to  the  pump  o|>ened  :  aiiJ 
while  the  jacket  was  kept  replenished  with  liquid  air  the  hydrogen  was 
pumped  off,  until  its  spectnmi  had  almost  entirely  disappeared,  the  reii 
line  being  hardly  visible.  The  tap  to  the  pump  was  then  closed,  the 
level  of  the  mercury  was  raised  to  h,  and  the  liquid  air  allowed  to 
evaporate.  The  bull)  was  so  bright  that  it  was  easy  to  read  the  time 
on  a  watch.  The  mercury  was  then  raised  to  the  level  r,  and  the 
current  passed.  The  spectrum  was  very  brilliant,  consisting  of  very 
bright  lines,  the  spaces  between  them  l)euig  perfectly  dark  ;  it  havi  a 
striking  resemblance  in  general  character  to  the  spectra  of  the  gases  oi 
the  argon  group. 

A  direct-vision  spectroscope,  made  to  special  design  by  Heele,  with 
<in  ilJuminated  scale  lor  Te».d\v\^,  \v^vV  \w\w\ediately  before  been 
standardised  l>y  noting  lYve  i^oduow  ol  \\\^ \vi^vK\\\^\\\\^^  ^\ V^\s.v\>c^  v^^.l 
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hydrogen.  They  were  found  to  lie  exactly  on  a  scale  which  had 
previously  been  constructed.  The  new  lines  were  read  as  rapidly  as 
possible,  an  operation  which  required  about  half  a  minute.  During  a 
second  reading  many  of  the  lines  had  faded,  and  the  secondary  spectrum 
of  hydrogen  began  to  appear,  and  rapidly  grew  stronger.  It  was 
identified  by  throwing  into  a  field  a  hydrogen  spectrum  through  the 
small  prism ;  and  it  soon  became  so  powerful  as  to  mask  the  spectrum 
of  the  emanation  completely.  In  order  to  attempt  to  recover  it,  the 
mercury  was  again  drawn  down  to  a,  and  liquid  air  again  poured  into 
the  jacket ;  the  emanation  again  condensed,  and  the  tap  to  the  pump 
was  opened,  and  the  hydrogen  removed  by  the  pump  until  it* 
spectrum  was  again  hardly  visible.  On  repeating  the  series  of 
operations  already  described,  the  spectrum  of  the  emanation  was  seen 
a  second  time,  but  it  was  so  transient  that  only  the  position  of  some  of 
the  lines  could  be  confirmed. 

Next  day,  only  the  spectrum  of  hydrogen  was  visible;  its  secondary 
spectrum  was  strong.  The  day  after,  the  same  was  the  case :  but 
interposing  a  jar  and  spark-gap  brought  out  two  lines  which  had 
previously  been  mapped ;  they  were  very  feeble. 

In  the  table  which  follows,  all  the  strong  lines  which  were  read  are 
given ;  the  degree  of  coincidence  of  those  which  are  of  known  wave- 
length shows  the  approach  to  accuracy  obtained ;  the  error  is  probably 
less  than  five  Angstrom  units. 

WaTe-lengtb.  Remarks. 

6567        Hydrogen  C;   true   wave-length,   6563;    observed 

each  time. 
6307         Observed  only  at  first ;  evanescent. 
5975  „  „  „ 

5955  „  „  „ 

5805         Observed  each  time ;  persistent. 
5790        Mercury ;  true  wave-length,  5790. 
5768  „  „  „  5769. 

5725         Observed  only  at  first ;  evanescent. 
5595         Observed  each  time ;  persistent  and  strong. 
5465         Mercury;  true  wave-length,  5461. 
5105         Not  observed  at  first ;  appeared  after  some  seconds ; 

persisted,   and   was    visible    during   the  second 

examination. 
4985         Observed  each  time  ;  persistent  and  strong. 
4865         Hydrogen  F;  true  wave-length,  4861. 
4690         Observed  only  at  first. 
4650         Not  observed  when  the  emanajtion  was  examined 

again. 
4630         Ditto. 
4360        Mercmy;  true  wave-lengtb,  4^^^. 
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When  the  apectmm  m-as  Dxamined  two  days  later,  he«idw  tbi 
hydrogen  and  mercury  lines»  there  weifj  se^an  :™55^5,  laeKle ;  5106, 
feeble  ;  4985^  very  feeble  ;  this  w&a  with  a  jar  and  spark -ga})  imir^ 
posed  ;  the  ordinary  discharge  showed  only  the  primarj-  and  sscondm 

spectra  dI  hydrogen^  and  that  of  mercury. 

Eleven  days  later^  the  emanation  from  the  iamo  stock  of  i^tdiniB 
bromide  was  collected,  and  treated  in  exactly  the  same  mattne?.  Thi* 
time,  however^  an  excess  of  conscientiouanees  made  ub  eotitinue  to 
extract  gas  with  the  pump  from  the  bulb  C  containing  tJ^e  freai 
emanation,  surrounded  by  liquid  air»  for  too  long  a  time.  Erery  tWB 
or  three  strokes  of  the  pump  collected  a  minute  bubble,  oceopyiiig 
about  the  tenth  of  a  millimetre  in  length  of  the  very  narrow  fall-tulit 
of  the  pump,  which  wm  really  a  fine-bore  capillary.  The  yield  of  gas 
appeared  to  be  continuous  \  and  when  these  bubbles  were  examined  it 
the  dark  they  were  lirilliantly  luiuinou3.  This  gas  was  renllj  ih* 
emanation,  which  possesses  a  feeble  vapour  pressure  even  at  tbe 
temperature  of  liquid  air.  Needless  to  say^  on  attempting  to  examixx 
the  spectrum,  little  was  seen,  for  the  pressure  of  gas  in  the  vai  r:T:i- 
tu])e  was  too  low. 

The  tube  was  therefore  wa>hed  out  with  the  gas  which  had  ]»ee': 
pumped  oW\  and  the  process  was  repeated.  Tlie  minute  1:)u])]>Ics  wL:  : 
passed  down  the  capillary  fall-tube  of  the  pump  were  examined,  ^vni 
pumping  was  stopped  when  they  showed  a  very  faint  liiniinositv  ii 
the  dark.  On  compressing  the  emanation  into  the  spectrum-tul-o,  the 
spectrum  was  again  l)rilliant,  and  measurements  were  made.  It  w.i? 
found  p<>ssil)le  to  read  the  lines  several  times,  for  althuu^^h  rh'. 
spectrum  faded  in  less  than  a  minute,  it  appeare<l  to  recover  <.-:. 
ceasing  to  pass  the  current.  But  this  recovery  soon  failed  and.  a- 
before,  nothing  couhl  be  detected  after  5  minutes  but  the  primarv 
and  secondary  spectra  of  hydrogen.  Now  the  tube  was  practicrulv 
vacuous  l>efore  warming  the  bulb  containing  the  emanation  :  ::■■ 
current  would  pass  ;  l»ut  it  i-,  of  course,  possil>le  that  the  gas  carrviiu* 
the  emanation  had  net  l)een  perfectly  <lried  in  passing  throui^b  the 
tube  ]5,  cofitaining  phosphoric  aidiydride  :  any  water-vapour  woii]*: 
have  condensed  in  the  cooled  l)ulb  C,  and  would  only  slowlv  have 
v;iporise<l  into  the  vacuum-tube.  On  arri\ing  there,  it  would  dv- 
the  hydrogen  s|)ectnun.  Another  possibility  is  that  it  niav  have 
c<tme  out  of  the  electrodes:  for  it  has  been  freqtiently  notice' 1  :r: 
glowing  out  a  vacuum-tul>e  with  aluminium  electrodes  that  even  afic: 
all  trace  of  hydrogen  lia<  I'cen  removed  l»y  passing  the  dischari:e  so  .>? 
to  heat  the  electrode-,  and  Ity  piun])ing.  the  hydrogen  spectrum  ha> 
reappeared  on  admitting  a  ti'ace  oi  one  of  the  gases  of  the  aro^on  i:ro;ir». 
and  passing  the  discharge  for  a  longer  time  :  but  the  intensitv  of  ih.- 
Sjvecrruni  whi«  U  re\>\accd  l\vAt  vA  \.\\vi  euuaiation  may  perhap.s  warran: 
the  .siij^pusition  that  hyvXvovj^viu  ivs  weW  v\?^\\vA\vvkv\^  ^^^  ^V'^n^^  ^^^:^.<^klcr'■ 
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of   the   disintegration   of  the  emanation.      This,   however,   is    very 
doubtful,  and  judgment  must  be  suspended  until  more  satisfactory 
evidence  is  forthcoming. 
The  lines  read  were : — 

WaTC-Ungth.  Remnrki. 

6350  Not  observed  before ;  faint. 

5975  Observed  before ;  faint. 
5955  „  „ 

5890  Not  observed  before ;  faint. 
5854  „  „  „ 

5725  Observed  before  ;  fairly  strong. 

5686  Not  observed  before ;  faint. 

5595  Observed  before ;  strong  and  persistent. 

5580  Not  observed  before ;  faint. 
5430 

5393  „  ,,  „ 

5105  Bright;  persistent;  observed  before. 
4yoo  „  „  „  ,, 

4966  Not  observed  before  ;  bright,  but  transitory. 

4640  Transitory;  possibly  4650  and  4630,  which  were 
seen  before  as  distinct  lines. 

The  line  4966  was  particularly  brilliant  at  first ;  but  it  soon  assumed 
secondary  importance.  Some  lines  which  had  previously  been  observed 
were  not  seen;  they  are  6307,  5805,  5137,  and  4690.  An  attempt 
was  made  to  obtain  the  spectrum  with  a  jar  and  spark-gap ;  but  only 
hydrogen  and  mercury  were  to  be  seen.  The  resistance  soon  became 
very  high,  and  there  was  danger  of  piercing  the  vacuum-tube. 

Previous  attempts  in  conjunction  with  Mr.  Soddy  gave  lines  with 
wave-length  5725  (jar),  5595  (no  jar),  5105  (no  jar),  4985  (no  jar);  the 
line  5585  was  observed  three  times,  and  5105  twice  previously.  The 
lines  6145  and  5675  mentioned  in  our  last  paper  (April,  1904)  were 
not  seen,  unless  the  latter  is  identical  with  5580.  It  may  perhaps 
be  mentioned  that  the  line  5595  was  seen  by  Pickering  in  the 
spectrum  of  lightning,  and  was  not  identified  with  a  line  in  the  spectrum 
of  any  known  gas ;  it  is  said  to  have  been  a  very  strong  line,  of 
intensity  30.* 

There  can  be  no  doubt  that  the  lines  given  are  the  chief  lines  in  the 
visible  spectrum  of  the  emanation ;  as  for  the  pressure,  the  volume  of 
emanation  was  about  1 /30,000th  of  a  cubic  centimetre,  and  the  capacity 
of  the  vacuum-tul3e,  say,  l/20th ;  this  would  make  the  pressure  about 
1/lOth  of  a  millimetre.  It  may  have  been  twice  as  much,  for  the 
numbers  given  are  merely  estimates. 

It  may  be  remembered  that,  at  the  Chemical  Congress  held  in  Park 

•  '  A«fcrophj«ical  Journal,*  1901,  yo\.  14.,  ^.  '^^^. 
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in  1900,  it  was  suggested  that  no  el^m^nt  should  rec^tve  a 
its  spectrum  had  been  mapped.  Of  course,  the  coavers©  dom  mi 
follow,  that,  after  the  spectrum  of  an  element  has  been  mapped,  i& 
should  receive  a  name.  The  "  emanation  from  radium,'*  howtj^-cJ*  « i 
cumbrous  expr^sion,  and  sufficient  evidence  has  noiv  beeii  iM^csufr 
lated  that  it  is  an  element,  accepting  that  word  in  the  usual  ueom^  h 
is  true  that  it  is  only  a  transient  element,  and  ought  in  justice  to  ht 
called  a  compound ;  but  of  what  1  It  stands  on  a  wholly  difiereni 
plane  to  any  known  compound  in  the  amount  of  heat  with  which  i 
parts  during  its  spontaneous  change,  and  in  the  peculiar  elecmeJ 
phenomena  which  accompany  its  transformatiorL  It  is  a  gas  ^  i 
follows  Boyle*a  law;  as  Rutherford  and  Soddy  have  shown.  It 
resembles  the  gases  of  the  argon  series  in  its  inditferenee  to  chanwil 
reagents,  for  it  not  merely  withstands  the  prolonged  Hction  of  wMf- 
nesium-lime  at  a  red  heat^  hut  also,  as  Ramsay  and  ScHJdr  hitr 
proved,  prolonged  sparking  with  oxygen  in  presence  of  caustic  p^^uuk 
Its  molecular  weight  has  been  found  to  be  nearly  200,  and,  U  ii  m 
monatomie,  that  number  would  also  express  its  approximate  atenoe 
weight,  Xow,  it  appenrs  advisaldc  to  devise  a  name  which  should 
recall  its  stnirce,  and,  at  the  same  time,  by  its  termination,  express  the 
radical  ditfercnce  which  undonbtodly  t^\i^ts  lit^tween  it  and  otbrr 
elements.  As  it  is  derived  from  ra ilium,  why  not  mime  h  Hm|:*!r 
"  exradio "  ?  Should  it  be  found  that  the  emanation,  which  is  <';;- 
posed  to  be  evolved  from  thorium,  is  re^illy  due  to  that  element,  an*: 
not  to  some  other  element  mixed  with  thoiium  in  exceediui^lv  sm.ili 
amount,  a  similar  name  could  be  given,  namely,  "  exthorio.''  If  the 
existence  of  actiniimi  as  a  definite  element  is  established,  its  emai,*- 
tion  would  appropriately  be  named  "exactinio."  It  is  tmlikelv  th..: 
others  will  be  discovered,  but,  if  they  are,  the  same  principle  of  nomen- 
clature might  be  applied. 

It  should  be  stated,  in  conclusion,  that  Mr.  Soddy  collaborared  in 
the  experiments  preliminary  to  this  successful  mappincr  qj  the 
spectrum  :  had  he  not  been  obliged  to  leave  England,  he  wca:M.  no 
doubt,  have  shared  whatever  credit  mav  attach  to  this  work. 
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"  Notes  on  the  Statolith  Theory  of  Geotropisnu  I.  Experiments 
on  the  Eflfects  of  CentrifugfiJ  Force.  11.  The  Behaviour  of 
Tertiary  Eoots."  By  Francis  Darwin,  F.E.S.,  and  D.  F.  M. 
Pkrtz.     Eeceived  May  30,— Bead  June  9,  1904. 


According  to  the  statolith  theory,*  there  are  in  plants  certain  cells 
specialised  to  act  as  organs  of  orientation  in  space ;  organs,  in  fact, 
functioning  like  the  otocysts  of  certain  animals.  In  hoth  cases  the 
sense  of  verticality  is  heUeved  to  he  the  result  of  the  pressure  of 
certain  heavy  hodies  (usually  starch  grains  in  the  case  of  plants),  on  a 
sensitive  surface,  namely,  the  lining  membrane  of  the  otocyst  in  the 
case  of  animals,  or  in  the  case  of  plants  the  protoplasm  lining  the 
statolith-containing  cells  (statocytes). 

In  a  papert  dealing  with  the  arguments  for  and  against  the  theory, 
Jost  brings  forward  as  the  most  serious  objection  the  behaviour  of 
plants  to  centrifugal  force.  He  found  that  plants,  subjected  to 
centrifugal  force  equal  to  from  0*02 — 0*05  g.,J  exhibited  curvature,  but 
that  the  starch-grains  were  uniformly  distributed  throughout  the 
statocytes,  not,  as  should  be  the  case  according  to  our  theory,  resting 
on  the  cell  walls  furthest  removed  from  the  axis  of  rotation.  Jost 
sees  in  these  results  an  absolute  proof  that,  in  the  cases  investigated 
by  him,  the  starch  grains  do  not  function  as  statoliths. 

It  seemed  to  us  that  this  conclusion  was  a  somewhat  hasty  one  and 
we  determined  no  longer  to  delay  the  investigation  of  Knight's 
experiment  in  relation  to  starch  grains,  which  we  had  previously 
recognised  as  a  necessary  part  of  the  statoUth  question.  Our  experi- 
ments were  carried  out  on  seedlings  of  Seiaria  and  Sorghum,  in  which 
the  statoliths  are  in  the  cells  of  the  cotyledon  (coleoptile),  and  in 
which  the  position  of  the  movable  starch  can  easily  and  rapidly  be 
determined  by  splitting  the  cotyledon  longitudinally  and  examining 
the  two  halves  mounted  in  iodine  solution.  The  experiments  were 
directed  to  two  points,  viz.,  the  centrifugal  force  needed  to  produce 
(a)  geotropic  curvature,  (b)  movement  of  starch-grains.  It  will  be 
seen  that  our  results  are  directly  opposed  to  those  of  Jost,  inasmuch 
as,  according  to  us,  the  lowest  effective  centrifugal  force  is  about  the 
same  in  the  two  sets  of  experiments.  The  centrifugal  apparatus  was 
driven  by  a  hot-air  engine  regulated  by  one  of  Griffiths's  gas-regulators 

*  Noll,  '  Heterogene  Induction,'  Leipzig,  1S92 ;  Haberlandt  and  Nitmeo, '  Ber. 
Dentschen  Bot.  Oesellsoh./  1900. 

t  "Die  Perception  det  Schwerereizes  in  der  Fflanse,"  'Biolog.  CentralbUtt,* 
Tol.  22,  Karch  1902,  p.  161. 

X  g.  being  the  acceleration  of  grayity. 
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made  by  the  Scientific  Instnimeut  Co.  In  the  expenmenti  m 
eun^atiire  the  seedlings  were  cut  and  fixed  by  melt«d  cocoa-huttef  m 
cork  supports  in  small  metal  boxes,  in  which  the  air  w^is  kept  duill 
They  were  either  plac^l  tangential ly  at  right  angl^  to  the  am  J 
rotation^  or  eUe  parallel  to  the  axis.  In  the  experiments  on 
distribution  of  the  starch  the  aeedlings  were  cut  and  placed  in 
in  a  aheet  of  cork,  being  kept  in  place  by  damp  filter-paper  «nd  i 
second  sheet  of  cork  firmly  fixed.  In  the  majority  of  &xperim«ota 
tip  of  the  seedling  was  also  fixed  to  a  little  bar  of  wax.  The 
were  fixed  radially,  the  apices  of  some  being  inward  and  of  otbm 
outward.  This  arrangement  gives  a  striking  result  in  succesdri 
expenments,  for  the  starch  travels  to  the  apical  end  of  the  cells  in  tl* 
specimens  whose  apices  point  outwards^  while  it  remains  basal  in  dt 
others. 

(a)  Experiment  on  Cmixtturt. 

We  give  o\ir  results  in  the  form  of  a  summary  instead  of  publishiiif 

the  details  of  each  experiment.     It  will  Ije  seen  that  there  wn 
deal  of  irregular  nutation;   this  is  a  drawlmck  to   the  use  of  ^^l/>:  ^ 
and  ^V^flri^f^  but  these  plants  l>eing  otherwise  convenient  we  continw.^ 
to  employ  ihcm. 

Adding  together  the  results  obcaiiied  with  centrifugai  force?  ^ 
0-02  g.,  0-03  g.  and  0-04  g.  we  find  that 

85  seedlings  (68  per  cent.)  curved  to  the  centre  (apogeotropically). 
18        „        (14-4  per  cent.)  did  not  curve  at  all. 
22        ,,        (17*6    per  cent.)  curved  away  from   the    centre  (pr^^^- 
geotropically). 

We  conclude  from  these  results  that  seedlings  of  Soo/Inurt  aci 
Sefaria  are  to  some  extent  stinudated  geotropically  by  a  centrifiipi^ 
force  of  from  0*02 — 0'04  g.  The  average  amount  of  apogeotrop.- 
cuivature  to  the  centre  is  only  20',  and  as  this  is  the  result  of  ak-u' 
22  hours  stinuilation,  we  are  justified  in  belieWng  that  imder  vr 
conditions  a  definite  geotropic  curvature  cannot  with  anv  certaintv  ^e 
produced  with  centrifugal  forces  of  much  less  value  than  O-Q-  Z- 
The  fact  that  observers  working  with  different  plants  and  by  viht: 
methods  have  found  curvature  with  considerably  weaker  centrifucsl 
force,  does  not  concern  us,  since  our  investigation  is  a  comparative  <  iie. 

(A)  Thr  BfJiaviour  of  tlic  Sfafolifhs  to  Ccnfrifugal  Fanr.     IlorizonfoJ  .-I'-- 

In  the  first  series  the  seedlings  were  all  placed  radiallv  with  :h: 
apex  outwards  for  22 — 24  hours.  The  behaviour  of  the  starch  is  r  ■ 
uniform  in  the  ce\k  oi  x.\v^  t^>\.\WV>w?.,  ^^  iWt  it  is  only  possible  :•- 
gi\^e  a  general  \mpves>^\o\\  ol  \\ve  \^^vy\X?v. 
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Thus  "scattered  and  apical"  means  that  the  starch  is  to  a  great 
extent  diffused  through  the  cells,  but  that  in  a  good  many  cases  the 
starch  has  accumulated  at  the  apical  ends  of  the  cells.  On  the  other 
hand  "  apical  and  scattered  "  means  that  the  starch  is  apical  rather  than 
scattered. 

Table  I. 


Plant. 

Centrifugal 
force. 

Temperature. 

Poifition  of  starch. 

Setaria 

»»    

>»     •  •  •  •• 

M        

»»        

0-02 
0-02 
0-02 
0-02 

0  02 

14 

16 
17 
17 

20 

Scattered  and  apical. 

Scattered,  apical,  and  some  basal. 

Scattered. 

Scattered,  some  apical,  also  some 

basal. 
Apical  and  scattered. 

The  general  conclusion  to  be  drawn  is  that  with  0*02  g.  there  is  a 
tendency,  though  a  very  slight  one,  for  the  starch  to  move  radially  and 
accumulate  in  the  apices  of  the  cells. 

In  Table  II,  the  seedlings  were  placed  both  apex  outwards  and  apex 
inwards ;  the  period  of  exposure  was  about  22  hours. 

Table  II. 


Plant. 

Centrifugal 
force. 

Temp. 

Apex. 

Starch. 

Setaria 

g- 
0  03 

^C. 
22-0 

Out 
In 

Two  specimens,  basal  and 
scattered;  one  specimen, 
many  cells  apical. 

Scattered  and  basal. 

„     •••.••• 

0-03 

18-5 

Out 
In 

Scattered  and  apical. 

»>    

0  04 

13—18 

Out    1 
In      / 
Out 

No  distinct  difference. 

Sorghum   and 

0-04 

16—30 

More  apical  than  baeal. 

Setaria 

(about) 

In 

Scattered  and  basal. 

Setaria 

0-04 

18-21 

Out 
In 

Apical  and  scattered. 
Basal  and  scattered. 

»»    

0-05 

21-0 

Out 
In 

Scattered,  many  cells  apical, 

but  basal  in  parts. 
Much  scattered.     (Not  very 

distinct  difference  between 

"out  "and  "in.") 

Thus  out  of  six  experiments  there  was  only  one  in  wbkKtXvwt^^^^ANa 
difference  betwean  the  starch  in  the  seedlmgs  pom\\xi^  Qv^^«xdi&  ^sv^Sxv- 
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wardB.  In  one  (0*05  g.)  the  diifereoce  was  not  distinct^  while  in  tbi 
four  experiments  the  difference  was  distinct.  This  proves  tbattht 
moves  under  the  mfluenee  of  a  centrifugal  force  of  from  O'OS — ( 
From  the  preyalence  in  our  notes  of  such  phrases  as  "  scatten 

apicAl/*  '"  scattered  and  basal,"  it  is  evident  that  with  0*03  and ' 
the  starch  does  not  move  easily,  and  this  is  precise Ij  what  we 
have  expected  from  the  small  amount  of  curvature  produeo 
centrifugal  forces  of  a!>out  this  magnitude. 

C^ntnfugal  Mudtini?  trith  f^ertkal  Axis. — We  made  some  u 
centrifugal  apparatus  with  a  vertical  axis,  in  the  belief  tl 
results  would  he  more  easily  observed  than  in  the  case  of 
zontal  axis.  Supposing  that  the  seedlings  are  fixed  radiallj 
horizontal  disc  of  the  machine^  the  eUrch  grains  will,  if  t^e 
IB  at  rest,  he  '^  lateralf"^  Le,^  will  lie  on  the  longitudinal  cell  walli 
are  now  horizontal.  When  the  wheel  is  set  in  motion  thi 
he  no  tendency  to  general  diffuBion  of  the  statoliths,  whw 
remain  ^'  lateral  '^  but  will  tend  to  accumulate  at  the  outward  q 
tics  of  the  cells ;  the  starch  will  be  what  we  call  "  apical  I  y  cot 
or  *'  basally  cornered,"  according  as  the  apices  or  bases  of  the  sc 
are  outwards. 

With  regard  to  curvature,  if  the  seedlings  are  placed  hori: 
and  tangentially,  they  will  of  course  curve  upwards  in  respons. 
force  of  gravity,  and  at  the  same  time  inwards  in  response  to 
fugal  force.  In  a  similar  way,  if  the  seedlings  are  placed  vt 
they  will  not  grow  straight  upwards  as  they  would  if  gravity  al 
in  question,  but  again  slightly  towards  the  centre.  In  those 
nients  in  which  the  centrifugal  force  varied  between  0*02  and 
only  48  per  cent,  of  the  seedlings  curved  to  the  centre,  and  the  ; 
curvature  was  only  \0\  This,  perhaps,  was  lo  be  expected  wl 
centrifugal  force  was  no  more  than  from  2 — 4  per  cent,  of  gravi 

The  effect  on  the  starch  grains  is  shown  in  Table  III. 


Plant. 


Tal)le  III. 


Centrifugal 
force. 


Temp. 


Apex  of 
seedliug. 


Position  of  stare 


Setaria 0-02 

wSorghum \         0  -02 

Setaria 0-03 


C. 

18 

19 
16—18 


Out  Scattered,    apical  -  co 

and  some  ba<al-«x»r 

,,  Lateral  and  api<-al-coi 

some  basal -c-ornere 

„  Lateral  ;      :*orne     bas; 

apical -cornered. 


On  the  whole,  \v\X\i  0*0'1  wwOi  ^'^'i  ^,\V^  w\w^\^\^xv\.W>^:^^^ 
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t^t.    But  the  existence  of  a  considerable  number  of  apically-cornered 
Us  can,  we  think,  only  be  accounted  for  as  the  result  of  centrifugal 
■ee.     Without  centidfugal  force  the  starch  should  have  been  lateral 
basally  cornered. 

In  the  remaining  experiments  (Table  lY)  two  sets  of  seedlings  were 
ied  one  with  the  apices  radially  outwards,  the  other  radially  inward. 
ere  the  result  was  more  decided. 


Table  IV. 


PUnt. 

Centrifugal 
force. 

Temp. 

Apex  of 
seedling. 

Posilion  of  starch. 

SeUuria      and 

0-03 

•c. 

18 

Out    \ 
In      / 

Scattered  and  lateral;  a  few  | 

Sorghum 

apical  in  both. 

Setaria. 

0-03 

16 

Out 
In 

Apicallj  cornered  and  scat- 
tered. 
Basal. 

>»     • 

0-04 

20 

Out 
In 

Apical  and  lateral. 
Basal. 

»*    

0-06 

20 

Out 
In 

Apical,  lateral ;  some  basal. 
Basal,  scattered. 

Sorghum  .... 

0-07 

17  •6—20 

Out 
In 

Scattered,  apical. 
Basal. 

It  is   clear  from  these  results  that  a  force  of  0*03 — 0*04  g.  has 

distinct  effect  on  the  position  of  the  starch  grains.  The  effect  of 
*06  and  0*07  g.  was  not  materially  greater  than  that  of  0*04,  and  we 
re  inclined  to  think  that  this  is  also  true  in  the  experiments  with  a 
orizontal  axis  of  rotation. 

Inclined  Plane. — We  made  a  few  experiments,  in  which  seedlings 
rere  fixed  on  plane  surfaces  inclined  at  angles  varjdng  from  2 — 5°. 
{ the  plane  be  inclined  at  an  angle  6^,  the  component  of  gravity  acting 
Q  the  line  of  the  plane  will  be  sin^g.  Thus,  if  the  seedlings  be 
)laced  apex  downwards,  on  a  plane  inclined  at  2*,  there  will  be  a  force 
iqual  to  0*035  g.,  tending  to  move  the  starch  grains  to  the  apices  of  the 
lells.  Our  experiments  were  not  very  numerous,  but,  as  far  as  they 
p,  they  confirm  the  above  results.  We  find  that  the  statoliths  are 
lisplaced  by  0*035  g.,  but  not  by  0*017  g. 

The  Behaviour  of  the  Statoliths  on  the  Klinostat. — When  a  plant  is  kept 
lowly  rotating  on  a  horizontal  axis,  the  practical  result  is  that  it  does 
LOt  bend  geotropically.  The  result  has  been  explained  by  the  suppo- 
ition  that  the  plant  never  remains  in  one  position  long  enough  for 
he  perception  of  gravity.  But  there  are  experiments  which  show 
hat  (at  any  rate,  in  certain  cases)  the  gravitatvQKaX  ^\!vxfiKi\N>&S&  ^^w- 
inuoiiBljr  perceived,  but  fails  to  produce  a  cut\bA.\xi^^  >QWi»Kia^  ^^^  "^^ 
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eynunetiical  flietribution,*  Our  axpermienu  t«iid  to  eonErm  ihk 
of  view,  sinee  they  show  that  the  statoliths  are  not  evenly 
through  the  eel  la,  f  bat  that  they  Uke  up  saore  or  lees 
positions  in  different  parte  of  the  rotation.  The  experimeatal 
were,  as  before,  aecdUngs  of  Seittria  and  Sm^ghumt  cemented  Inlo 
or  fixed  between  cork  and  damp  blotting-paper,  and  bo  arrangpd 
the  tixis  of  the  plants  were  at  right  angl^  to  the  ajoB  of  routjM 
The  klinostat,  which  made  one  revolution  in  17,  20,  or  30  mioffisv 
wajs  placed  in  a  dark  room,  where  ibe  temperature  varied  frm 
17  to  24'  C-  The  number  of  seedlings  used  bi  eacb  experiment  «!► 
four,  six,  or  eight,  and,  in  all  cases,  half  the  number  pointed  iu  mt 
direction,  and  the  othere  in  the  opposite  direction.  Thtis^  at  ik 
moment  at  which  the  seedlings  are  vertical,  half  of  them  jltc  ^ 
upward,"  the  rest  being  apex  downwards.  The  method  was  to  I 
them  rotating  on  the  klinostat,  and  to  remove  them  the  moment 
reach  the  vertical,  when  the  starch  in  the  two  lote  (up  and  down) 
rapidly  compared.  With  a  rotation  of  once  in  30  minutes,  tk 
apex'upward  seedlings  will  have  be6n  for  7|  minutes  pacing  from  tk 
liorizoTital  to  the  vertical.  With  the  IT  and  20  minute  klinostat^  tie 
[teriodH  will  be  respectively  4|  and  5  minutes.  It  will  lie  ^^n  ^ 
Tahle  V  that,  in  the  first  three  experiments  in  which  the  durarioio  d 
ihe  rotation  was  short,  no  definite  result  was  obtained  ;  anci  the  sar-- 
absence  of  difference  in  the  starch  was  noted  in  two  other  experiment- 
in  which  the  plants  were  examined,  after  two  rotations  of  17  minuiev 
In  the  remaining  experiments  a  distinct  result  was  obtained. 

In  a  few  experiments  given  in  Table  VI,  the  klinostat  was  stopf>c: 
when  the  seedlings  were  horizontal.  In  this  case  half  the  see^lliip 
("  apex  last  down '')  had  for  4}  minutes  been  changing  from  a[«ci 
vertically  down  to  horizontal,  while  the  other  lot  ('*  apex  la^t  up" 
had  changed  from  apex  up  to  horizontal.  These  experiments,  takt: 
with  those  in  Table  V,  show  that  a  complete  reversal  of  the  start' 
from  the  apical  to  the  basal  ends  of  the  cells  may  take  place  on  th: 
klinostat  in  8^  minutes. 

Table  VI  also  gives  the  results  of  three  experiments,  in  whicb  :^ 
seedlings  were  parallel  to  the  axis  of  rotation,  in  two  of  which  it^ 
starch  was,  as  was  expected,  on  the  longitudinal  cell  walls  (*' lateriii 

On  the  whole,  the   results   of   Tables  V  and  VI  show  that  there  > 
no  inconsistency  between   the   statolith  theory  and  the    view  a'^^ 
referred  to,  that  continuous  gravitational  stimidation   occurs  on  :br 
klinostat. 

The  (juestion  whether  ^i  minutes,  the  period  during  which  irrrr- 

*  Sec  Elfving  '  Ofversigt  af  Fiuska  Vetenskaps  Forhandlingar,*  ISst.  y-'- 
F.  Darwin  on  "  Cvievvrbitous  Seedlirgs,"  '  Practical  Physiology  of  PlaIlt^,  '^" 
edition.  1894,  p.  IIG. 
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tational  stimulus  remains  unchanged  in  direction  (though  not  in 
intensity)  is  long  enough  to  be  effective  in  producing  curvature,  does 
not  concern  us,  since  it  is  a  question  which  is  applicable  to  all  theories 
of  gravitational  sensibility. 

11. 
On  the  Presence  of  Statoliths  in  Tertiary  Boots. 

Early  in  our  work  we  noticed  the  existence  of  movable  starch  in  the 
tertiary  roots  of  Vida  faba^  and  since  tertiary  roots  have  been  hitherto 
believed  to  be  devoid  of  gravitational  sensitiveness,  we  saw  that  here 
was  a  question  for  investigation.  In  Jost's  above  quoted  paper 
(p.  173)  this  diflBculty  is  referred  to  in  the  following  words : — 

'^  Further  anatomical  investigation  is  also  needed  in  the  case  of 
roots.  My  own  work  has  shown  us  that  lateral  roots  of  secondary 
or  tertiary  rank,  which  are  not  gravitationally  sensitive,  have  just  the 
same  movable  starch  as  primary  roots." 

We  do  not  know  to  what  secondary  roots  Jost  refers.  In  the  case  of 
Viciafaba  there  is  no  difficulty  in  finding  a  function  for  the  statoliths 
of  the  secondary  roots,  since  these  are  well  known  to  react  to  gravity. 
In  regard  to  the  tertiary  roots  the  difficulty  is  a  real  one. 

It  is  well  known  that,  if  the  primary  root  is  cut  off,  one  or  more  of 
the  secondary  roots  ceases  to  grow  diageotropically,  and  turns  vertically 
downward.  It  occurred  to  us  that  the  tertiary  roots  springing  from 
such  a  secondary  might  acquire  gravitational  sensitiveness,  and  behave 
like  normal  secondaries.  This  proves  to  be  the  case,  and  in  this  fact 
undoubtedly  lies  the  explanation  of  the  presence  of  statoliths  in 
tertiary  roots. 

Our  method  of  procedure  is  to  wait  until  the  secondary  roots  of  a 
bean  {Vicia  faba)  have  begun  to  show  themselves,  when  the  primary 
root  is  cut  near  its  base,  and  the  secondary  roots,  with  the  exception 
of  one,  are  at  the  same  time  removed.  The  seedling  is  then  planted 
with  the  stump  of  the  primary  root  roughly  horizontal,  and  the  single 
secondary  root  pointing  vertically  downwards,  as  shown  in  fig.  1.  It 
will  be  seen  that  the  secondary  root  R^  grows  vertically  for  the  greater 
part  of  its  length,  and  that  the  general  direction  of  growth  of  the 
teitiary  roots  is  strikingly  like  that  of  normal  secondaries ;  and  this 
preparation  alone  would  strongly  suggest,  to  anyone  accustomed  to  the 
subject,  that  under  these  conditions  the  tertiaries  were  regulated  by 
gravitation. 

We  grow  our  bean  roots  (in  a  dark  room)  in  Sachs's  troughs,  having 
oblique  glass  sides,  so  that  the  secondary  root,  in  its  attempt  to  grow 
vertically,  is  forced  to  follow  the  glass  wall.  This  insures  that  the 
secondary  root,  and  a  fair  proportion  of  tertiaries,  shall  be  visible,  and 
thus  their  course  can  be  recorded  by  painting  lines  on  the  glass. 
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Car^  13  neceBgary,  at  the  begmning  of  the  experiiuetit,  to  pcwrtftj 
more  than  one  secondary  root  developing ;  the  primary  root  si 
first  be  uncovered  every  dnyy  and  any  young  aecondaries  piocbed  < 

The  preliminary  arrangement  takes  some  time  j  thu;^.  For  i  iiiiiTHifii.il 
primary  root  was  ampuUit^d  February  6>  and  the  tertiar^^  root!  i 
not  ready  for  observation  until  February  16, 


The  method  was  that  of  Sachs,  which  may  be  illustrated  ]»y  :be 
following  diagram  (p.  487). 

Fig.  2,  A  shows  a  primary  root  growing  vertically,  and  giving  o± 
to  the  left  and  right,  two  sets  of  secondaries,  L  and  I\,  which  h.ve 
assumed  their  usual  lines  of  gi'owth  somewhat  below  the  horizont.il. 
The  trough  is  now  raised  at  one  end,  as  in  fig.  B  ;  the  roots  L  and  K 
are  affected  in  opposite  ways  by  this  change,  the  L  roots  are  now  45 
be]ow,  while  the  IVs  iwe  45'  wbov^  their  normal  line  of  growth,  the 
consequence  is  that  t\\e  U^  >>vi\u\  \\^  vv\\v\  \\\vi,^C^  C^v^nnw,  ^^  ^^s^n^.V^  t^he 
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<lotted  lines  in  fig.  B.    Fig.  3  shows  the  similar  behaviour  of  tertiary 
roots. 
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l,^\^ 


The  line  representing  the  secondary  root  is  vertical  and  unbroken, 
the  curved  lines  springing  from  it  on  the  left  and  right  are  tertiaries, 
And  are  made  up  of  separate  sections,  each  of  which  represent  the 
^owth  on  one  day.  The  marks  1  and  1  were  painted  on  May  12,  1903. 
They  show  that  the  R  and  L  roots  grew  out  at  very  different  angles  with 
the  secondary  root.  This  is  accounted  for  by  the  fact  that  while 
sections  1  and  1  were  developing  the  left  end  of  the  trough  was 
raised  (25").  If  the  figure  is  turned  to  this  position  it  will  be  seen 
that  1  and  1  make  roughly  equal  angles  with  the  horizon. 

After  tracing  sections  1  and  1  the  trough  was  raised  so  as  to  make 
40*  with  the  horizon,  the  left  end  being  still  the  higher. 

On  May  13,  section  2  was  painted  on  the  R  side,  section  2  on  the 
L  side  could  not  be  clearly  seen.  The  trough  was  now  placed  at  an 
iingle  of  32"*,  being,  however,  reversed,  so  that  the  R  end  was  higher. 

May  14,  sections  3  painted  on  both  sides.    It  will  be  seen  that  root 
£  has  begun  to  assume  its  proper  angle  below  the  horizon,  whereas 
L  has  continued  to  grow  nearly  in  line  with  «ecti<cy(\  \.    CSx^^iw^ 
ioUowing  days  (sectiona  4  and  5)  L  bent  M^\?sjcd&.    'YXsva  S&  ^  ^\k^kssn% 
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instance  of  what  we  Imve  observed  in  other  cases,  viz.,  that  t^rttafffl 

roots  bend  dowtnvards  more  readily  than  upwards.     It  !s   interestiiin 
l>ecauae  it  ia  a  point  of  resemblance  between  them  and   dlag^odtsfie  1 
secondary  roots.     The  slowness  of  the  grow-th  of  the  tertiariea  in  thk 
experiment  was  probably  dus  to  the  development  of  more  than  one 

secondary  root. 

Fig.  4.  I 


/V^ 


I 


Fig.  4  shows  the  same  state  of  things,  namely,  that  the  direction  of 
growth  of  the  sections  marked  2  is  difterent  on  the  two  sides.  Thu> 
section  2  is  directed  oljliquely  upwards  in  the  right-hand  tertiary  roots, 
and  downwards  on  the  left.  A  similar  contrast  exists  ]>etween  the 
sections  marked  3.  These  changes  of  direction  are  due,  as  in  fig.  3,  t> 
changes  in  the  position  of  the  trough. 

In  the  later  experiments,  of  which  fig.  5  is  an  example,  the  tratiiigs 
were  made  each  day  in  a  different  coloured  paint,  so  that  a  complete 
record  of  all  tertiaries  was  obtained.  This  was  not  the  case  in  ^g.  4, 
so  that  some  of  the  sections  are  necessarily  left  without  numbers. 

In  fig.  5,  the  numbers  1,  2,  3,  etc.,  give  the  tracings  made  on 
successive  days.  It  will  be  seen  that  in  the  younger  part  of  the  root, 
near  the  lower  end  of  the  figure,  the  sections  of  the  tertiary  roots  do 
not  begin  with  the  numerals  1  or  2,  but  with  5,  6,  or  7  ;  this  is  because 
when  sections  1  and  2  were  traced,  the  lower  (younger)  tertiaries  had 
not  yet  appeared. 

After  section  1  was  traced,  the  trough  was  tipped  up  at  an  angle  of 
39'  (right  side  highest),  and  remained  in  that  position  while  2  and  '^ 
developed.  This  accounts  for  the  bend  downwards  in  the  oldest  root 
on  the  right  (R  i),  and  the  slight  upward  bend  in  L  ii  (section  3). 

The  trough  was  now  reversed,  being  placed  at  19'  (left  side  highest) 

and  being  allowed  to  remain  in  that  position  while  sections  4  and  5 

developed.     It  will  be  seen  that  the  curvature  of  the  sections  3,  4,  5 

is  uj^ward  on  the  rig\\l  {^exee^X*  m  tq^\.  "^\x^  ^\\d  downwards  on  the 

left. 
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The  trough  was  again  reversed  after  a  tracing  of  5  had  been  made, 
the  right  side  being  now  higher,  and  the  angle  about  30°.  Here  again 
the  roots  on  the  right  bend  down  and  on  the  left  up,  as  will  be  seen  by 
comparing  sections  5  and  6. 

The  roots,  therefore,  show  clearly  a  power  of  curving  up  or  down  so 


Fio.  5. 


as  to  assume  their  proper  angle  with  the  horizontal  just  as  normal 
secondary  roots  do  in  similar  circiunstances.  The  only  obvious  excep- 
tions to  the  nde  are  in  roots  R  iv,  v,  vi,  where  a  downward  bend  occurs 
between  sections  3  and  5  or  4  and  5,  as  the  case  may  be ;  here  the 
curve  should  either  have  been  absent  or  in  the  upward  direction. 

After  section  6  was  traced  the  trough  was  exposed  tic^  V\^c»i^  ^b^^ 
sections  7  and  8  were  traced.     It  will  \ie  aefeii  \i^  ^qoi^tov^^  «xv^  '^^ 
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that  in  both  seta  of  tertiaries  (nght  and  left)  there  jb  a  tendenc?  i| 
cun-e  downward— and  this  is  w^cU  known  to  occur  in  normal 
roots  exposed  to  light,  and  h  another  instance  of  the  as^rumpCioii  W  i 
tertianef^  of  characters  hitherto  associated  only  with  secotidar^r  i 
The  fact©  a!io%"e  ^ven  prove  that  when  the  primary  root  is  i 
and  a  secomJary  root  assumes  its  place,  the  tertiary   roots  tAke 
character  of  normal  secondaries.     It  may  be  believed,   therefore,  i 
the   existence   of   statoliths   in   normal   tertiary  root^    L^  a   pr 
enabling  them  to  assume  diageotropic  growth  in  ease  of  injiuj  to  till 
primary  root.     This,  though  appearing  a  bold  conchisiort^    dloeij 
involve  an  adaptive  action  difiWront  in  principle  from   the  wel 
assumption  by  secondary  roots  of  the  characters  of  the  primary  nwt 

We  desire  to  express  our  thanks  to  Mr.  T.  Elbom^  Assistant  m  tk  J 
Cambridge  Botanical  Labortitorr,  for  the  help  he  has  ^ven 
the  course  of  our  research. 


"On  the  >j  lee  trie  Effect  of  ]ii»tating  a  Dielectric   in  a   Magnetic 
Fipli]."      ]iy    Mauoij)    A,    WiLSiix,   M,A.,    D.Sc,    Feliaw  "i 

Trinity  College,  Cambridge.  Communicated  bv  Frofe-: 
J.  J.  Thomson,  F.E.S.  Keceived  May  18, — P.ead  June  . 
1004. 

(Abstract.) 

It  was  shown  by   Faraday  in   1831   that  an  electromotive  foric  > 
induced  in  a  conductor  when  it  moves  in  a  magnetic  field  so  as  to  >  :' 
the  lines  of  force.     The   object  of  the  experiments  described  in  th> 
paper   was   to   see  if  a  similai*   electromotive   force    is    induced   in 
dielectiic  when  it  moves  in  a  magnetic  field. 

According  to  Maxwell's  electromagnetic  theory,  as  developed  ' 
II.  A.  Lorentz  and  Larmor,  such  an  electromotive  force  should  - 
induced  in  a  dielectric,  and  should  be  equal  to  that  in  a  eon<luc:' : 
multiplied  l)y  the  factor  1  -  K~\  where  K  is  the  specific  indutiiv: 
capacity  of  the  dielectric. 

The  method  employed  was  to  rotate  a  hollow  cylinder  of  ebonite  i: 
a  magnetic  field  parallel  to  the  axis  of  the  cylinder.  The  inside  ar. . 
outside  surfaces  of  the  cylinder  were  provided  with  metal  eoatini::s  wi:!: 
which  electrical  contact  was  made  by  sliding  brtishes.  The  insiit 
coating  was  connected  to  earth,  and  the  outside  coating  to  one  pair  o: 
the  quadrants  of  a  sensitive  quadrant  electrometer,  the  other  piiir  oi 
quadrants  being  connected  to  earth.  The  magnetic  field  wa^  ther. 
reversed,  so  revevsiug  l\\c  iv\dv\ced  electromotive  force  in  the  elx)nut. 
The  resulting   elect v'\e   ^\§^Vc\^vim^\\V  nn^?.  v^^-issvxT:^^  \ss  ^^^^^ss^  <^(  ihc 
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electrometer ;  the  quantity  of  electricity  required  to  produce  a  given 
ieflection  of  the  electrometer  needle  being  determined  by  means  of  a 
imall  parallel  plate  guard  ring  condenser. 

It  is  shown  that  if  E  is  the  induced  E.M.F.  in  the  ebonite,  and  V 
bbe  potential  difference  indicated  by  the  electrometer,  then 


2E  =  V 


c  +  c 


where  c  is  the  capacity  of  the  ebonite  cylinder  and  c'  the  capacity  of 
bbe  electrometer.  If  the  electrometer  gives  a  deflection  D  due  to  V, 
guid  a  deflection  d  due  to  a  known  quantity  of  electricity  q,  then 
2Ec  =  V(c  +  c')  =Dqld.  Consequently  E  can  be  determined  in  terms 
of  c,  D,  d  and  q. 

If  the  outside  radius  of  the  ebonite  cylinder  is  r2,  and  the  inside  radius 
r^,  then  according  to  the  electromagnetic  theory  E  =  mrH  {vi^  -  ri*-) 
(1  -  K-^)  where  H  is  the  strength  of  the  magnetic  field  and  n  the  number 
of  revolutions  per  second. 

The  cylinder  used  was  10  cm.  long,  and  2r2  =  4*15  cm.,  2ri  =  2*01  cm. 
It  was  momited  in  a  solenoid  having  95  turns  per  cm.,  by  which  a 
magnetic  field  of  strength  1500  could  be  produced.  The  cylinder  was 
driven  by  a  J  horse-power  motor,  and  could  be  run  at  200  revolutions 
per  second.  The  following  table  contains  the  results  obtained  with 
various  rates  of  revolution  and  magnetic  fields. 


Deflection  of 

ReTolutions 
pep  second. 

Magnetic  field 
reversed. 

Electrometer 
due  to  one 
E.S.  UDit. 

(Millimetres.) 

Deflection. 

(Millimetres 

observed.) 

Deflection. 
(Calculated). 

192 

1480 

6015 

26-2 

26-0 

192 

750 

6015 

13-6 

13-2 

192 

380 

6015 

6-8 

0-7 

192 

320 

6015 

5-3 

5-6 

183 

1420 

4780 

18-0 

18-9 

182 

710 

4780 

9-2 

9-4 

182 

1160 

6040 

19-9 

19  4 

100 

1400 

6320 

14-0 

13-5 

100 

1100 

6320 

10-5 

10-6 

100 

670 

6320 

7  0 

6-4 

100 

640 

6320 

5-0 

5-2 

93 

1100 

6100 

9-5 

9-5 

92 

14G0 

4770 

10  0 

9-7 

92 

1260 

4770 

8-0 

8-4 

92 

660 

4770 

4-5 

4-3 

49*2 

1200 

6320 

60 

6-7 

49-2 

600 

6320 

3  0 

I           ^-^ 
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The  mean  result  obtained  for  the  quantity  of  electricity  set  fi^e  m 
the  outside  coating  of  the  cylinder,  on  reversing  the  magnetic  field 
^>idy  diftors  from  the  amount  caleuUtttHi  theoretically  by  1  per  cem 
The  specific  inductive  capacity  of  the  ebonite,  aa  deternutied  k 
measuring  the  capacity  of  the  cylinder^  was  3^54,  while  the  ralw 
calculated  from  the  results  obtained,  using  the  formida  E  =  nrE 
i^^-r^)  (1  -  K^'),  was  3  64.  As  the  result  of  these  experiments  it 
may  be  conch ided  that  — 

L  A  radial  electric  displacement  is  prorluced  in  a  dielectric,  sudiat 
ebonite,  when  it  is  rotated  in  a  magnetic  field  parallel  to  the  axil  cl 
revolution, 

2,  The  direction  of  the  displacement  is  the  same  as  is  produced  in  • 
conductor, 

3,  The  displacement  is  proportional  to  the  magnetic  field,  and  to  tb* 
rate  of  revolution, 

4,  The  amount  of  the  displacement  agrees  with  that  calculated  w 
^e  assumption  that  the  induced  E.M,F,  in  the  dielectric  is  equal 
to  that  in  a  condnctor  multiplied  by  1  -  K"^ 

The  results  obt^iincd  arc  thus  in  complete  agreement  with  dif 
theories  of  Lorentz  and  Larmor,  and  m^iy  hz  regarded  as  a  eonfinus- 
tion  of  Xht^t  thcoriei5. 

The  cxporinicTits  were  done  in  rhc  CaveiirliBh  Laboratory,  and  ihi 
cost  of  the  special  apparatus  used  has  been  defrayed  l)y  a  grant  from 
the  Royal  Society. 


y 
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Bakerian  Lecture. — "  The  Succession  of  Changes  in  Radio-active 
Bodies."  By  E.  Eutherfobd,  F.R.S.,  Macdonald  Professor  of 
Physics,  McGill  University,  Montreal.  Lecture  delivered 
May  19, 1904 

(Abstract,  Received  May  27,  1904.) 

It  has  been  shown  by  Rutherford  and  Soddy  that  the  radio-activity 
of  the  radio-elements  is  always  accompanied  by  the  production  of  a 
series  of  new  substances,  possessing  some  distinctive  physical  and 
chemical  properties.  These  new  substances  are  not  produced  simul- 
taneously, but  arise  in  consequence  of  a  succession  of  changes  originating 
in  the  radio-elements.  The  radio-activity  of  these  products  is  not 
permanent,  but  diminishes,  in  most  cases  according  to  an  exponential 
law,  with  the  time.  Each  product  has  a  distinctive  rate  of  decay  of 
activity,  which  has  not,  so  far,  been  altered  by  any  physical  or 
chemical  agency.  The  law  of  decay  has  been  explained  on  the  suppo- 
sition that  the  product  undergoes  change  according  to  the  same  law  as 
a  mono-molecular  change  in  chemistry.  The  change  occurs  in  conse- 
quence of  the  expulsion  of  an  a  or  p  particle,  or  both,  and  the 
activity  of  a  product  is  thus  a  measure  of  its  rate  of  change.  While  the 
products  like  the  emanations,  and  UrX,  lose  their  activity  according  to 
an  exponential  law,  the  matter  emanation  X,  which  gives  rise  to  the 
phenomena  of  excited  activity,  does  not  lose  its  activity  according  to  a 
simple  law.  The  experiments  of  Miss  Brooks  and  the  author,  and  of 
Curie  and  Danne,  have  shown  that  the  decay  of  the  excited  activity  of 
radium  is  very  complicated,  and  depends  upon  the  time  of  exposure  to 
the  exciting  cause,  viz.,  the  emanation.  The  author  has  shown  that  the 
excited  activity  produced  in  a  body  by  a  short  exposure  in  the  presence 
of  the  thorium  emanation  increases  at  first  for  a  few  hours,  passes 
through  a  maximum  value,  and  then  decays  with  the  time  according  to 
an  exponential  law. 

In  the  paper  the  curves  of  decay  of  excited  activity  of  radium  and 
thorium  are  given  for  both  short  and  long  exposures  to  the  emanations, 
and  it  is  shown  that  the  law  of  change  of  activity  with  time  can  be 
completely  explained  on  the  theory  that  emanation  X  of  thorium  and 
radium  is  complex  and  undergoes  a  series  of  successive  changes. 

The  mathematical  theory  of  successive  changes  is  given  in  detail, 
and  a  comparison  is  made  of  the  theoretical  and  experimental  curves 
obtained  for  the  variation  with  time  of  the  excited  activity.  In  the 
case  of  thorium,  two  changes  are  found  to  occur  in  emanation  X.  The 
first  change  is  a  "ray less"  one,  i.e.,  the  transformation  is  not  accom- 
panied by  the  appearance  of  a,  /?,  or  y  rays.  The  second  chaji\%<^  ^^^ 
rise  to  all  three  kinda  of  rays. 

VOL.  LXXIIL  ^  ^^ 
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The  decay  of  acthnby  ol  emanation  X  of  radium  depends  groillj  m 
whether  the  a  or  0  rays  are  used  as  a  means  of  meaisureiiieata.  Tb 
etm'es  obtained  by  the  p  rays  are  always  identical  with  tho@<e  obtaiiisj 
by  the  y  rayst  showing  that  the  ^3  and  y  rayi  always  occor  tofetlv 
and  in  the  same  proportion.  The  complicated  decay  curres  ohimA 
for  the  different  typea  of  rays,  and  for  different  times  of  expoearci  ^^ 
be  completely  explained  on  tbe  supposition  that  there  are  three  f^ii 
successive  changes  in  the  matter  deposited  by  the  emaoatifiii,  tIx.  : — 

(1)  A  rapid  change,  giving  rise  only  to  a  ray%  in  irhieh  half  lii 
matter  is  traniformed  iu  about  B  minutes. 

(2)  A  **  ray  less  "  change  in  which  half  the  matter  is  trautformed  m 
31  minutes. 

(3)  A  change  gi^ng  rise  to  a,  0  and  y  rays  together,  in  which  halt 
the  matter  is  transformed  in  28  minutes.* 

A  similar  ray  less  change  is  shown  to  occur  ta  tho  **&omxm^^ 
substance  "  of  GieaeL 

The  occurrence  of  a  ray  less  change  in  the  three  radio-ACttTe  hoc&i 
ia  of  considerable  interest.  Since  the  change  is  not  accomi»niad  hr 
rayStitcari  itnly  be  detected  by  its  effect  in  the  change  or  eiuin^ 
which  foUow,  The  matter  of  the  rayle*=s  change  is  transformed 
according  to  the  -same  law  as  the  i  it  her  changes,  Tbe  ray  less  chiuii:e 
may  be  suppused  to  consist  either  of  a  rearrangement  of  thi* 
components  of  the  atom  or  a  disinteicration  of  the  atom,  in  which  the 
products  of  the  disintegration  are  not  set  in  sufficiently  rapid  motion 
to  ionise  the  gas  or  to  affect  a  photographic  plate.  The  si^iiticanoe  -^f 
the  rayless  changes  is  discussed,  and  the  possibility  is  pointed  out  lh.M 
similar  rayless  changes  may  occur  in  ordinary  matter  ;  for  the  change? 
taking  place  in  the  radio-active  bodies  would  probably  not  have  Wr 
detected  if  a  part  of  the  atom  had  not  been  exj>elled  with  grea: 
velocity. 

The  radiations  from  the  different  active  products  have  Kv:] 
examined  and  it  is  shown  that  the  /i  and  y  rays  appear  only  in  the 
last  ra})id  change  of  each  of  the  radic^nelements.  The  other  chariire:? 
are  accompanied  by  the  emission  of  a  particles  alone. 

Evidence  is  given  that  the  last  rapid  change  in  uranium,  radium, a::: 
thorium,  which  gives  rise  to  /i  and  y  rays,  is  far  more  ^'iolent  an : 
explosive  in  character  than  the  preceding  changes.  There  is  son.e 
evidence  for  supposing  that,  in  addition  to  the  expelled  a  and  3 
particles,  more  than  one  substance  is  produced  as  a  residt  of  the 
disintegration. 

•  A  statement  of  the  nature  of  the  three  changes  occurring  in  emanation  X  ct 
radium  wa^  fir.-^t  given  in  a  paper  by  Rutlierford  and  Barnes  ('  Phil.  Mag..'  F-? . 
li.)ol).  A  brief  accom  t  of  the  th(ory  from  which  the  results  were  deduced  b'* 
been  given  in  my  b<>ok  "  Radi^aeti vity "  (Cambridge  I'nirersity  Pres^V  Ltvr. 
Curie  and  Danne  {'  Complex  Uendw^,*  >»Vatc\\\\A^^\  arrived,  in  a  similar  war.  a' 
f  he  same  concUi^iou*. 
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After  the  three  rapid  changes  have  taken  place  in  emanation  X  of 
raditim,  there  remains  another  product,  which  loses  its  activity 
extremely  slowly.  Mme  Curie  showed  that  a  body,  which  had  been 
exposed  for  some  time  in  the  presence  of  the  radium  emanation, 
always  manifested  a  residual  activity  which  did  not  appreciably 
diminish  in  the  course  of  6  months.  A  similar  result  has  been 
obtained  by  Giesel.  Some  experiments  are  described,  in  which  the 
matter  of  slow  decay,  deposited  on  the  walls  of  a  glass  tube  containing 
the  emanation,  was  dissolved  in  acid.  The  active  matter  was  found  to 
emit  both  a.  and  P  rays,  and  the  latter  were  present  in  unusually  large 
proportion.  The  activity  measured  by  the  j8  rays  diminished  in  the 
course  of  3  months,  while  the  activity  measured  by  the  a  rays  was 
unaltered.  The  active  matter  was  complex,  for  a  part  which  gave  out 
only  a  rays  was  removed  by  placing  a  bismuth  plate  in  the  solution. 
The  radio-active  matter  deposited  on  the  bismuth  is  closely  allied  in 
chemical  and  radio-active  properties  to  the  active  constituent  contained 
in  the  radio-tellurium  of  Marckwald.  The  evidence,  as  a  whole,  is 
strongly  in  support  of  the  view  that  the  active  substance  present  in 
radio-tellurium  is  a  disintegration  product  of  the  radium  atom.  Since 
the  radium  emanation  is  known  to  exist  in  the  atmosphere,  the  active 
matter  of  slow  dissipation  produced  from  the  emanation  must  be 
deposited  on  the  surface  of  all  bodies  exposed  to  the  open  air.  The 
radio-activity  observed  in  ordinary  materials  is  thus  probably,  in  part, 
due  to  a  thin  surface  film  of  radio-active  matter  deposited  from  the 
atmosphere. 

A  review  is  given  of  methods  of  calculation  of  the  magnitude  of  the 
changes  occurring  in  the  radio-elements.  It  is  shown  that  the  amount 
of  energy  liberated  in  each  radio-active  change,  which  is  accompanied 
by  the  emission  of  a  particles,  is  about  100,000  times  as  great  as  the 
energy  liberated  by  the  union  of  hydrogen  and  oxygen  to  form  an 
equal  weight  of  water.  This  energy  is,  for  the  most  part,  carried 
off  in  the  form  of  kinetic  energy  by  the  a.  particles. 

A  description  is  given  of  some  experiments  to  see  if  the  a,  rays 
carried  a  positive  charge  of  electricity,  with  the  view  of  experimentally 
determining  the  number  of  a  particles  projected  from  one  gramme  of 
radium  per  second.  Not  the  slightest  evidence  was  obtained  that  the 
a  rays  carried  a  charge  at  all,  although  it  should  readily  have  been 
detected.  Since  there  is  no  doubt  that  the  x  TB,y^  are  deflected  in 
magnetic  and  electric  fields  as  if  they  carried  a  positive  charge,  it 
seems  probable  that  the  a  particles  must  in  some  way  gain  a  positive 
charge  after  their  expulsion  from  the  atom. 

Since  on  the  disintegration  theory,  the  average  life  of  a  given  quan- 
tity of  radium  cannot  be  more  than  a  few  thousand  years,  it  is  neces- 
sary to  suppose  that  radium  is  being  continuoufily  igtodx3L<5i^\SL\5aRk  ^ksJ^. 
The  simplest  bypotbeaia  to  make  is  thai  Ta^xunSa  ^  ^SmscdXr^^F*^^^ 
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product  of  the  slowly  changing  elements  urmiitiin^  tharinni,  tr 
Jictinium  present  in  pit<?hbiende*  It  was  arranged  that  Mr,  Sfv^r 
should  examine  whether  radium  ia  prixiucad  from  iiritiiiuiD,  Imt  tbr 
restdts  eo  far  obtained  have  been  negative, 

I  have  taken  solutions  of  thorium  nitrate  and  the  **  eiuonatim 
substance  "of  Giesel  {probably  identical  with  the  actinium  of  Deliiemei 
freed  from  radium  by  chenLical  treatment,  and  placed  them  in  dan! 
veasels*  The  amount  of  radium  present  ia  experimentally  di;f«!rES)iial 
by  drawing  off  the  emanation  at  regular  intervals  int»>  an  eleetrosmpc 
A  sufficient  interval  of  time  has  not  yet  elapsed  to  settle  with  certaiDtr 
whether  radium  is  being  produced  or  not,  but  the  indicatioas  «o  iv 
obtained  are  of  a  promiaing  character. 


**  On  the  Electric  Equilibrium  of  the  Sun."   By  Svantk  AjiftaODOri^ 
Communicated  by  Sir  Wflllam  Hl'GGINs,  Ptea.  R*S.    Receiv^v 

and  read  June  2,  1904, 

In   recent   years   many   attempt :=i    have   Tn^en    nnide    to    *ipply  ih' 
pre.^sure  of  nuliation.  that  is  a  cot  i  so  quo  net'  of  the  theories  of  Maxwdl 
and  PJartoli,  to  the  exj)hination  of  cosmical  phenomena.     Especially  :r. 
enigma  of  the  nature  of  comets'  tails  has  been  elucidated  from  this  !it-^v 
point  of  view. 

In  a  memoir  presented  to  the  Swedish  Academy  of  Sciences  in  ISi*'.'. 
I  pointed  out  that  several  electric  and  magnetic  phenomena,  especial, 
auroras  and  magnetic  storms,  might  also  ]>e  connected  with  th- 
pressure  of  radiation.  C.  T.  K.  Wilson  found  that  the  negative  i":'^ 
condense  vapours  more  easily  than  do  positive  ions.  Without  doubt  ri:^ 
gases  in  the  atmosphere  of  the  sun  are  practicallv  ionised  by  tb 
ultra-violet  radiation.  Therefore  we  have  to  suppose,  that  amo  : 
the  little  drops  formed  l>y  condensation  in  the  sun's  atmosphere  I  ' 
more  are  negatively  charged  than  ai'e  positively  charged.  As  tbe-c 
drops  are  driven  away  hy  the  pressure  of  radiation  they  charge  vi:'" 
negative  electricity  the  atmospheres  of  celestial  bodies,  e.fj.,  the  earth, 
which  they  meet,  till  the  charge  is  so  great  that  discharges  oceiir,  a(  i 
cathode  rays  are  formed,  which  carry  the  charge  back  to  the  univcrs- 

A  calcidation  of  the  speed,  with  which  these  particles  move  throng!" 
space,  will  not  be  ^vithout  interest.  Suppose  first,  for  simplicity,  th  ^: 
the  pressure  of  radiation  is  dotible  that  of  the  weight  of  the  partick- 
in  the  neighboiuhood  of  the  sun.  It  is  not  difficidt  to  calcidate,  ihc 
in  this  case  the  time,  necessary  for  the  particle's  passage  from  the  surfa  - 
of  the  sun  to  the  earth,  amounts  to  68-7  hours.  The  specific  weigh:  i^ 
supposed  to  be  that  ol  walex. 

Xow,  after  SchvraTzse\\\\c\!?.  t^Xev^^xX^m,  v\  >^^t\^o\>3  \^'^^^\vw^  \x^^ 
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will  be  driven  away  with  the  greatest  force  from  the  sun  if 
its  circumference  is  just  as  great  as  the  wave-length  of  the  radia- 
tion. The  wave-length  of  the  maximal  radiation  of  the  sun  is  about 
0'5  /Li.  Therefore  the  optimal  dimension  for  a  drop,  that  is 
driven  away  by  the  pressure  of  radiation,  will  be  about  0*06  /^t.  If 
we  suppose  a  specific  weight  of  the  drop  like  that  of  water,  the 
repulsive  force  for  a  perfectly  reflecting  drop  amounts  to  about  ten 
times  its  weight.  For  a  perfectly  black  drop  it  is  half  as  great.  Now, 
most  drops  are  neither  perfectly  reflecting  nor  perfectly  black.  Most 
fluids  absorb  nearly  completely  the  non-luminous  radiation,  and  reflect 
a  part  of  the  other.  An  appreciation  of  these  two  factors  leads  to  the 
estimation  that  the  effect  for  the  translucent  fluids  will  be  about  half 
as  great  as  for  a  perfectly  black  body,  t.«.,  about  2 '5  times 
greater  than  the  gravity  against  the  sun.  Such  a  particle  will  move 
away  from  the  sun  with  1*5  times  greater  speed  than  that  calculated 
above,  ».«.,  it  will  reach  the  earth  in  about  46  hours. 

Of  course,  there  may  be  represented  speeds  that  are  more  than  the 
double  this  for  drops  of  low  specific  weight  (compounds  of  carbon  and 
hydrogen).  On  the  other  hand,  the  speed  may  be  extremely  little  (or 
negative),  for  drops  of  high  specific  weight  (e.g.,  gold).  This  will  also 
be  the  case  for  great  or  very  small  drops,  as  Schwarzschild  has  shown. 

These  figures  have  recently  acquired  a  great  interest  through  the 
discussion  by  Ellis,  Maunder,  and  Eicc6  of  the  connection  between 
sunspots  and  magnetic  storms.  !Ricc6  had  already,  in  1892,  stated 
that  in  six  cases  of  very  strong  magnetic  storms,  these  appeared 
in  mean  45*5  hours  after  the  passage  of  a  great  sunspot  over  the 
central  meridian  of  the  sun.  In  one  case  the  difference  of  time  was 
only  20  hours. 

From  the  researches  of  Ellis  and  Maunder  it  appears  that  the  mag- 
netic storms  commence  in  mean  26  hours  after  the  great  groups  of  siin- 
spots,  which  probably  caused  them,  had  passed  the  central  meridian  of 
the  Sim.  !Ricc6  applies  a  correction  to  these  figures.  He  says  that  in 
mean  the  great  magnetic  storms,  quoted  by  Ellis  and  Maimder,  lasted 
ior  33  hours,  and  therefore  it  is  natural  to  assume  that  the  maximum  of 
the  magnetic  storm,  which  will  probably  fall  near  its  middle,  arrives 
1 6  '5  hours  after  its  commencement.  It  will,  therefore,  be  nearly  true  that 
the  maximum  of  the  magnetic  storms  observed  by  Ellis,  came 
26  +  16-5  =  42-5  hours  after  the  passage  of  the  corresponding  spot 
through  the  central  meridian  of  the  sun.  The  figure  very 
nearly  coincides  with  those  of  !Ricc6  and  also  with  that  calculated 
above.  Eicc6  also  makes  the  observation  that  the  velocity  of 
the  small  particles,  which  in  my  opinion  cause  the  auroras  and 
the  magnetic  storms,  is  of  the  same  order  of  magnitude  as  the 
observed  velocity  with  which  the  cause  of  these  i^tt\rt\i^\»\wjiA  ^asss^'i. 
from  the  bud. 
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If  the  sun  only  omitted  negatively  electrified  particles  on  nit  ddes,  ii 

'  would  soon  a&sume  so  great  an  electric  charge  of  positive  sign^  thit 
the   electric   forces   would  hakl   the   negative  particles    back  in  the 
neighbourhood  of  the  siin,     Ther«  umat,  therefore*  bo  some  cauf^e  that 
carries  fwick  as  much  negative  electricity  to  the  sun  as  it  loses  througii 
I  the  emisaic^n  of  negative  pai'ticles.      In  supposing  the  least  neg^atlre 
I  charge   to    be   the   same   as   the   positive  one  of   a  hydrogeo    atont, 
(  weighing  8  x  10"^  grammea,  it  may  be  calcukted  that  the  force  with 
I  which    this    is    drawu    back    to    the    sun    by  a    potctitjal    slope  d 
3000  volt  per  cm,,  amoimta  to  23  2  dynes.     A  drop  of  radius  O'QBfi, 
I  of  the  specific  weight  of  water,  has  the  weight  59  x  10"^*  dynes  at  tlw 
atirface  of  the  sun^     It^  repulsion  by  the  pressure  of  radiation  Is  abonit 
I  2^5  times  greater,  148  x  10"^^  dynes*     The  eleetric  attraction  is  there- 
fore only  about  the  fourth  part  of  the  total  force  by  which  the  drop  h 
driven  away  from  the  sun  ;  therefore  its  speed  is  only  three-foiirths  of 
that  calculated  before.     It  is  evidetjt  that  if  the  electric  charge  of  the 
dun,  or  rather  of  its  upper  atmosphere,  is  tnuch  gre«ater  (about  four 
times)  than  that  supposed,   no  negatively  charged   particles   can   be 
emitted  from  the  sun.     On  the  other  hand,  if  the  sun*s  charge  is  less, 
the  particles  will  move  with  a  speed  that  is   nearly  independent  of 
the  magnitude  of   the  charge.     Probably  the  charge  of  the  sun  in  times 
of  great  emission,  i.e,,  at  sun-spot  maxima,  will  be  of  this  order  of  mag- 
nitude, and  in  times  of  sun-spot  minima  somewhat  less. 

The  charged  particles  are  driven  out  to  all  sides  from  the  sun.  It 
might,  perhaps,  be  expected  that  they  would  lose  their  electric 
charge  under  the  influence  of  the  strong  ultra-violet  radiation  from 
the  smi.  But  the  circimistances  must  be  other  for  these  small  particles 
than  for  great  pieces  that  are  examined  in  our  laboratories.  Otherwise 
it  would  be  impossible  to  conceive  that  drops  are  condensed  at  all  on 
the  negatively  charged  electrons  under  the  influence  of  ultra-violet 
light* 

But  if  many  drops  agglomerate  together,  the  potential  increases  and 
greater  pieces  are  formed,  which  can  lose  their  charge  gradually. 
According  to  the  experiments  of  Elster  and  Geitel,  and  Lenard,  these 
charged  bodies  part  slowly  with  their  negative  charge  in  the  form  of 
electrons  that  traverse  space. 

The  path  of  these  electrons  is  now  influenced  by  the  strongly 
positively  charged  suns.  Their  paths  become  by  this  influence  curved, 
and  they  describe  hyperbolas  round  the  suns.  If  their  perihelia! 
distance  is  less  than  the  sun's  radius,  they  fall  down  on  the  sun,  and 
diminish  its  positive  charge. 

If  we  now  suppose  the  electric  charge  of  the  sun  to  be  just  as  great 

*  As  the  first  drops  contain  only  one  element^iry  charge  of  electricity,  they 
would  lose  their  whole  charge  at  once  at  a  discharge.  Perhaps  this  circoinstance 
causes  the  difference  for  elementary  aiid  ^re%.t  QViai^ea, 
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51  as  assumed  above,  we  find  that  electrons  moving  with  the  velocity  of 
^t  light  are  caught  by  the  sun,  if  the  asymptote  of  their  hyperbolic  path 
'^  is  less  distant  from  the  sun  than  2420  times  the  mean  distance  of  the 
s  earth  from  the  sun  (or  one  twenty-foiuth  of  a  light-year).  This  limit 
b:  distance  is  inversely  proportional  to  the  velocity  of  the  electrons,  and 
i  nearly  proportional  to  the  square-root  of  the  charge  of  the  sun.  As 
!  now,  according  to  the  researches  of  Lenard,  the  electrons  from  a 
negatively  electrified  body  possess  a  much  less  velocity  than  light,  this 
•  distance  is  really  much  greater  than  that  just  calculated. 

If,  for  instance,  the  velocity  of  the  electrons  is  the  thirtieth  part  of 
that  of  light,  a  number  that  is  in  good  agreement  with  Lenard's 
measurements,  all  electrons  from  space  which  came  along  a  path 
that  is  less  distant  than  1  -25  light-year  from  the  sun,  will  be  caught  by 
the  Sim.  Of  course  the  electrons  move  with  different  velocity,  so  that 
the  said  distance  may  only  be  regarded  as  a  mean,  or  as  representing 
the  order  of  magnitude. 

Now  our  nearest  star  (a  Centauri)  is  distant  from  us  by  about 
4  light-years,  and  other  stars  lie  within  less  than  10  light-years. 
Thus  it  is  evident  that  the  negative  electrons,  which  are  sent  off 
from  aggregates  of  negatively  charged  drops  (these  aggregates  are 
probably  identical  with  what  we  call  cosmic  dust  or  meteorites),  can 
in  general  not  pass  by  many  suns  without  being  caught  by  them. 
And  on  the  other  hand  the  suns  recover  in  mean  from  space  as 
much  negative  electricity  as  they  lose.  The  electric  charges  of 
the  suns  are  in  this  respect  very  effective  regulators.  If  the  charge  is 
quadrupled  the  mean  distance  of  the  caught  electrons  is  doubled,  or, 
in  other  words,  as  they  are  uniformly  disseminated  in  space,  their 
quiuntity  is  quadrupled.  Therefore  the  supply  of  negative  electricity  to 
the  suns  is  proportional  to  their  defect  thereof. 

From  these  considerations  we  see  that  a  very  effective  balance  of* 
gains  and  losses  of  negative  electricity  is  maintained.  Evidently  this 
balance  depends  upon  the  supposition  that  for  the  particles  that  drive 
away  from  the  sun,  other  forces  than  the  electric,  viz.,  the  pressure  of 
radiation,  are  preponderating,  whilst  for  the  negative  electrons  caught 
by  the  sun,  other  forces  than  the  electric  are  wholly  insignificant 
compared  with  these. 

If  one  supposed,  as  some  authors  do,  that  the  negative  electricity 
was  carried  away  from  the  sun  by  means  of  cathode  rays,  an  effective 
circulation  like  that  described  alx)ve  would  be  wholly  impossible. 
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D  ATWn  r -^ooienelatnre  of  enzyme*. 

B  1820    Mitk  sh^t  and  nmltoM,  hjdroljiu  hj  enijitie*. 
D  8010     Emulaln,  lactase,  nialta«e— Idnetics  of  their  action. 

Although  it  is  now  universally  recognised  that  enzymes  pUy  a  mo^ 
important  part  in  animal  and  plant  metabolism  and  that  they  t^m 

condition  !?ynthetic  changea,  most  of  the  work  done  has  been  of  i 
qualitative  eharatter ;  in  only  a  few  cases  has  the  nature  of  the  attioci 
been  precisely  determined — and  the  results  arrived  at  in  rhe^  k^ 
cases,  if  not  discrepant,  cajHsut  ejisily  be  hnrinonised  at  first  ^i^^^hr. 

C  O'StiUivfiTi  and  TompsonJ:  were  the  firs^t  to  5it\i<]v-  the  aotk^n  i 
enzymes  quantitatively.  They  came  to  the  conclusion  that  the  acri  '-. 
of  invertase  on  cane  sugar  takes  place  in  accordance  ^w-ith  the  ordiii.-.:" 
theory  of  mass  action,  a  theory  which  involves  the  asstiniption  th.:. 
throughout  an  interaction,  the  amoimt  of  change  taking  place  in  . 
given  interval  of  time  is  always  the  same  proportion  of  the  materia 
remaining  unchanged — so  that  the  course  of  change  is  expressible  I'V  a 
logarithmic  ctnve. 

l)uclaux§  suhsequently  contended  that  the  rate  of  chancre  durinii  *-^ 
early  period  is  directly  proportional  to  the  time,  although  aftorwar-iN 
under  the  influence  of  the  products  of  hydrolysis,  it  follows  the 
logarithmic  law.     If  this  suggestion  that  the  action  follows  the  U^ 

*  [ludex  siipj^licd  by  couiuiuiiioator,  classified  according  to  the  seliedule  oi  :':.' 
IiiternatioJial  Catalogue  of  Scientifii'  Literature.] 

t  [Atteutioii  was  directed  by  me  iu  1^90  to  the  fact  that  "the  nri.^ 
aiiiylolytic,  protfolytic,  etc.,  are  eojifusing  to  the  student  who  lias  U'-arnt  thi: 
electrolysis  signifies  splitting  up  by  means  of  cleetricity  and  hvdrolvisis  s^Iirtir.: 
up  by  means  of  water — not  the  splitting  up  of  electricity  or  of  water."  I'T:- 
Terniinology  of  Hydrolysis,  especially  as  affected  by  Ferments."'  '  Chen;.  J^.v. 
Trans  .'  ISf'O.  p.  528.)  Unfortunately  euch  terms  are  still  generally  used.  To  aT/ii 
the  dilficulty,  I  would  suggest  tl\at  enzymes  sliould  be  spoken  of  a*  sucro--lasn.. 
glucosidoclastic,  amyloclastic,  proteoclastic,  lipoclastic,  et<;.,  according  as  the^ 
condition  the  hydrolysis  of  disaccharides,  glucosides,  starch,  proteids  fats  eic — 
H.  E.  A] 

I  '  Chtm.  See.  Trans.,'  \b^^>,  \o\.  V*  ,^.^\^. 

S   'Ann.  Inst.  Pasteur;  \b^3^,  no\.  Vl,>^.^^. 
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only  when  it  is  modified  by  the  products  of  change  be  accepted,  it 
follows  that  the  interaction  does  not  take  place  at  any  time  in  accord- 
ance with  the  law  of  mass  action. 

Somewhat  later,  an  elaborate  investigation  of  the  action  of  enzymes 
was  carried  out  by  Victor  Henri,  whose  work  is  summarised  in  bis  '  Lois 
g^n^rales  des  diastases,'  Paris;  1903.  Henri  found  that  the  velocity 
coefficient  K,  calculated  on  the  assumption  that  the  logarithmic  law 
was  applicable,  steadily  increased  in  value  as  the  action  proceeded.  He 
attributed  the  increase  to  the  influence  of   the  products  of  change 

(^  j  and  took  these  into  account  by  writing  Ki  ( ^  +*g)  in  place  of  K 
in  the  equation  of  mass  action,  which  thus  becomes 
dx 


|  =  K.(l+c|)(S-x). 


dt 

This  expression  was  derived  from  Ostwald's  *  Lehrbuch.'*  It  may  be 
pointed  out  that  it  is  there  put  forward  as  applicable  to  cases  of  change 
in  which  the  products  may  be  assumed  to  have  an  accelerating  influence^ 
and  that,  as  a  matter  of  fact,  it  is  the  equation  to  a  curve  showing  a 
change  in  direction  corresponding  to  a  rise  to  a  maximum  velocity  and 
a  subsequent  fall  in  the  rate.  Henri  deduced  from  his  results  the 
value  + 1  for  €,  so  that  the  equation  became 

.K.  =  |.,g|±|. 

In  1902,  Adrian  Brown,  t  besides  arriving  at  the  conclusion  that 
hydrolysis  is  effected  at  a  more  rapid  rate  than  is  indicated  by  the  law 
of  mass  action,  also  showed  that  on  varying  the  concentration  an 
approximately  constant  weight — not  as  the  law  of  mass  action  requires  a 
constant  proportion — of  sugar  is  hydrolysed  in  a  given  time.  It  is 
necessary  to  bear  in  mind,  however,  that  in  his  experiments,  the 
proportion  of  the  total  sugar  hydrolysed  in  no  case  exceeded  one-fifth, 
so  that  in  reality  the  comparison  was  made  only  during  the  earlier 
stage  of  the  hydrolysis.  To  explain  the  somewhat  remarkable  result 
to  which  he  was  led,  Adrian  Brown  assumed  that  not  only  is  a 
compound  of  enzyme  and  sugar  formed  but  that  this  persists  during  a 
really  appreciable  interval  of  time:  consequently  a  molecule  of  the 
enzyme  can  effect  only  a  limited  number  of  complete  molecular  changes 
in  unit  time;  whatever  the  available  mass  may  be,  no  increase  in 
the  amount  of  substance  changed  is  possible.  On  the  other  hand,  in 
dilute  solutions  in  which  the  proportion  of  sugar  to  enzyme  falls  below 
a  certain  maximum,  the  amount  of  sugar  hydrolysed  should  be  directly 
proportional  to  the  amount  present — and  this  Adrian  Brown  proved  to 
be  the  case. 

•  2nd  edition,  vol.  2,  p.  2tt4. 
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Similar  resufta  were  obtaioed  by  Horace  Brown  and  Glenditmiog^ 
in  the  case  of  the  b)^droly€i3  of  starch  under  the  Uifluence  of  4fiMrtiflf> 
Stress  was  laid  by  these  observers  on  the  fact  that,  at  first,  eqtui 
amounts  of  starch  are  hydrolyaed  in  equal  intervals  of  time  ajid  tli^t 
subsequently  the  change  follows  the  usual  logarithmic  law. 

It  is  noteworthy,  however,  that  when  this  logarithmic  law  m  vp^^i 
either  to  Henri's  results  or  to  those  of  Adrian  Brown  for  ijireitaie 
or  to  those  of  Horace  Brown  and  Glendinning  for  diastase^  reclUNiaiif 
from  the  commeneement  of  the  change^  a  series  of  increasing  ralmaiii 
obtained  for  K,  whereas  when  Henri's  equation  is  used  Ki  is  a  cooxtoMI 
in  each  case.  It  would  thus  appear  that  the  action  of  the  two  euMymm 
follows  the  same  fundamental  law. 

The  nature  of  the  change  effected  by  enzymes  has  been  fislfy 
discussed  by  Horace  Browu  and  Glendinuing.  Starting  from  Use 
conception  that  hydrolysis  is  preceded  by  a  combination  of  tlw 
hydrolyte  with  the  enzyme,  on  the  assumption  that  the  coneentratloii 
of  the  added  enzyme  is  very  small  in  relation  to  the  initial  concenlratJon 
of  the  sugar,  they  point  out  that,  in  the  earlier  stages  of  the  hydrolysis, 
the  amount  of  sugar  in  unit  volume  will  be  very  large  compared  with 
the  amount  of  the  combination  of  sugar  with  enzyme  :  consequentlv. 
so  long  as  the  concentration  of  the  unaltered  sugar  remains  verv  larii' 
compared  with  that  of  the  coml>i nation,  this  latter  will  remain  almo^ 
constant  in  amount  and  e(|ual  amounts  of  sugar  will  be  hvdrolvsed  ii. 
equal  times:  the  time  curve  \nll,  in  fact,  be  approximately  a  straiirh: 
line.  When,  however,  the  amount  of  sugar  present  is  materiallv 
reduced,  the  combination  will  more  nearly  follow  the  ordinary  law  or 
mass  action.  They  point  out  that  this  explanation  is  in  accord  with  all 
the  known  facts. 

A  considerable  body  of  evidence  is  put  forward  in  this  communicatiuii 
which,  in  the  main,  confirms  the  conclusion  arrived  at  by  Horace  Brown 
and  Glendiruiing;  but  it  will  be  shown  that  it  is  necessary  somewhat  t 
extend  their  argument. 

A  novel  conception  was  intro<luccd  l)y  Croft  Hill  in  1898,t  wh - 
studied  the  action  of  maltase  on  maltose  advisedlv  from  the  point  <'i 
view  that  the  change  might  l>e  reversi])le.  He  not  only  showed  tha: 
the  product  of  hydrolysis  (glucose)  exercised  a  marked  retardinj^^  etic'.* 
but  also  that  a  change  was  j)ro(lucib]e  in  the  concentrated  solutions  oi 
glucose  by  maltase  :  in  his  opinion,  this  retardation  was  due  to  reversior 
and  he  suggested  that  maltose  was  reproduced.  Subsequently,  in  1903.1 
while  upholding  the  view  that  the  change  was  a  reversible  (.>ne,  he  camt 
to  the  conclusion  that  the  main  product,  at  all  events,  was  an  isomeria^ 
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of  maltose.  E.  Fischer  and  the  author*  had  meanwhile  shown  that  the 
enzymes  lactase  and  emulsin  both  acted  reversibly. 

English  workers  appear  to  have  overlooked  the  work  done  by 
Tamman  in  1892,t  who  studied  with  great  care  the  action  of  emulsin 
on  the  two  glucosides  salicin^and  amygdalin,  as  well  as  that  of  invertase 
on  cane  sugar.  He  came  to  the  conclusion  that  the  rate  of  change  was 
retarded  by  the  products  of  degradation  but  could  detect  no  sign  of 
reversion ;  he  even  went  so  far  as  to  express  the  opinion  that  enzymes 
did  not  act  reversibly.  He  insisted,  however,  that  their  action  was 
incomplete. 

In  dealing  with  problems  of  enzyme  action,  the  probability  that  the 
extract  used  contains  several  enzymes  cannot  be  lost  sight  of,  since  it 
is  known  that  in  yeast  extract,  for  example,  at  least  three  sucroclastic 
enzymes  are  present  together  with  a  proteoclast  in  amounts  which 
vary  in  different  yeasts.  It  is  at  least  conceivable  that,  in  those  cases 
in  which  reversion  has  been  observed,  the  hydrolysis  is  conditioned  by 
one  enzyme  and  the  synthesis  by  another.  It  will  be  obvious, 
therefore,  that  the  field  for  investigation  is  a  very  wide  one  and  that 
our  knowledge  of  enzymes  is  of  a  most  incomplete  and  unsatisfactory 
character. 

The  present  communication  deals  with  the  problem  of  the  rate  at 
which  change  proceeds  during  the  earlier  period,  when  the  products  of 
hydrolysis  are  present  in  relatively  small  proportions. 

The  results  obtained  not  only  justify  the  extension  to  enzymes 
generally  of  the  view  put  forward  by  Horace  Brown  and  Glendinning 
in  explanation  of  the  action  of  diastase  and  invertase,  but  also  make  it 
possible  to  explain  cases  in  which  the  departure  from  the  law  of  mass 
action  is  in  a  direction  contrary  to  that  considered  by  these  authors  ; 
the  influence  exercised  by  the  products  of  change,  which  was  not  taken 
into  accoimt  by  them,  will  also  be  considered.  The  action  of  acids  is 
compared  with  that  of  enzymes  in  a  separate  communication. 

Prq>aration  of  Enzyme, — The  enzymes  considered  are  lactase,  emulsin 
and  maltase ;  the  first  two  of  these  both  condition  the  hydrolysis  of 
milk  sugar  but  the  last  affects  only  maltose.  Unfortunately  no  way 
has  been  devised  hitherto  of  working  with  a  known  amount  of  enzyme ; 
the  nearest  approach  to  a  satisfactory  method  is  to  prepare  a  fresh 
extract  for  each  series  of  experiments  under  conditions  as  nearly 
uniform  as  possible.  Far  too  little  care  is  sometimes  given  to  this 
operation,  the  importance  of  working  rapidly  and  at  a  suitable  tempera- 
ture being  commonly  neglected.  The  following  is  a  description  of 
the  methods  adopted  in  the  experiments  referred  to  in  this  com- 
munication. 

Lactase. — Ten    grt^mmes    of  Kephir    grains  were  very  vigorously 

•  *  Ber./  1902,  toI.  36,  p.  ^\4A. 

t  * Zeit.  Physiol.  Cliem.;  \o\.  1^,  ^.^n\. 


504  Dr.  E,  F,  Armstrong.  [Apr.i 

agitated  with  200  c.c,  water,  using  the  modliied  ioo^cream  mm 
described  by  Moody :  *  after  4—6  hours,  when  the  gnlfls  •«* 
reduced  to  a  fine  pulp,  5  c.c.  of  toluene  was  added  and  tho  cbsl 
TOfisel  set  afiide  at  about  2(r  over  night  The  milky  Uquid  was  tls 
decanted  and  rapidly  filtered,  filtration  being  repeated,  if  neommift 
until  a  clear  liquid  was  obt-ained.  The  extract  thuB  proparod  wm  i 
clear  yeUaw  liquid :  as  changes  took  place  iii  it  ou  standi  tig,  it  wu 
uaed  without  delay.  It  id  probable  that  a  ne^trly  aatunitjed  eoliiiix 
of  the  enzyme  is  obtajued  by  operating  in  the  manner  doscritivil  u 
the  residue  is  still  %"ery  active ;  thus  on  extracting  it  for  a  fiuibe 
period  of  24  hours  with  200  ex.  water,  an  extract  was  obtaifiiedfi 
about  one-fourth  the  actidty  of  the  first. 

The  uufiltered  milky  ertract  is  much  more  aetlve  than  Um  filict^l. 
probably  because  it  contains  some  enzyme  in  BUspenaion ;  it  may  «!■ 
be  mentioned  that  repeated  filtration  seems  to  diminiah  ihe  actiT% 
even  of  the  clear  liquid.  Although  lacUi;se  prepared  by  the  ordinarr 
methods,  involving  precipitation  and  subsequent  wai^bing  with  alookol* 
possesses  some  power  of  inducing  the  hydrolysis  of  milk  sugar,  ft  is 
imlv  fri'l>l\-  artjvu  ill  tuni|farison  with  an  extract  prepared  as  abcrt 
described.  The  following  figures,  showing  the  mrts  per  hundre«i  of 
sugar  hydrolysed  during  tlie  intervals  indicated  in  50  c.c.  of  • 
5  per  cent,  solution  of  milk  sugar,  may  he  (quoted  in  illustration  : — 


1  hr. 

4  Lr 

Solution  containii 

g  20  c.c.  filtered  extract    

4-8 

16 

,,                " 

20  c.c.  untiltered  extract   .. 

.      15 

38 

7'                                        M 

40  c.c.          „               „         .. 

.     29 

57 

V                                        V 

Kephir  residues 

.      17 

45 

.4 


As  the  extract  affects  cane  sugar,  it  may  be  su|)posed  that  it  conia:!.* 
inveitase  as  well  as  lactase;  theie  is  also  reason  to  believe  that  one 
or  more  proteoclasts  are  present. 

Malf (!.<(, — The  extract  was  prepared  by  merely  grinding  up  wi:r. 
water,  in  presence  of  toluene  at  about  21  ,  yeast  which  had  l)een  •irie'i 
as  raj>idly  as  possible — by  spreading  it  in  a  thin  layer  on  biscuit  wa^t 
and  exposing  it  to  the  atmosphere  ;  the  clear  filtrate  was  use-:. 
Experience  seems  to  show  that  the  activity  of  such  an  extract  dej>eiM^ 
on  the  temperature  at  which  it  is  made  and  that  different  ye;t^i^ 
require  to  be  extracted  at  ditferent  tem|)eratures. 

Toluene  has  been  tised  as  an  antiseptic  throughout  the  experimontv 
as  it  was  fotuid  not  to  influence  the  activity  of  the  enzymes,  whereai 
chloroform  had  a  distinctly  retarding  effect. 

Rough  experiments  made  to  ascertain  the  temperatiu*e  at  whi::. 
lactase  exercises  its  maximtuu   activity  show  this  to  be   about  35  ; 
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although  the  extract  is  still  very  active  at  15**,  above  38"*  the  activity 
"begins  to  lessen.  The  experiments  with  lactase  and  emulsin  were 
made  at  35 — 37'',  those  with  maltase  at  about  30''.  In  making  the 
experiments,  a  mixture  in  the  desired  proportions  of  the  solution  of 
^he  sugar  and  of  the  enzyme,  in  a  closed  flask,  was  kept  at  a  known 
temperature  in  an  incubator ;  samples  were  withdrawn  from  time  to 
time  :  these  were  diluted  so  that  they  contained  0*2  per  cent,  of  the 
sugar  and  their  cupric-reducing  power  was  then  determined  by  the 
modification  of  Pavy's  method  described  by  Croft  Hill.  A  simple 
calculation  gave  the  proportion  in  which  monosaccharide  and  di- 
aaccharide  were  present.  It  may  be  claimed  that  the  results  are 
comparable;  probably  they  are  affected  by  an  error  amounting  to 
At  least  from  1  to  2  per  cent,  when  the  amount  of  sugar  hydrolysed 
■does  not  exceed  about  70  per  cent. 

The  proportion  or  weight  of  disaccharide  hydrolysed  during 
successive  intervals  having  been  determined,  the  results  were  plotted 
graphically ;  the  coeflBcient  of  velocity  K  was  also  calculated  for  each 
result,  on  the  assumption  that  the  rate  of  change  was  proportional  to 
the  amount  of  hydrolyte  which  undergoes  change. 

The  actions  of  lactase  and  emulsin  on  milk  sugar  and  of  maltase  on 
maltose  have  been  studied  in  the  manner  described,  using  solutions 
•containing  2,  5  and  10  grammes  of  the  hydrated  disaccharide  in 
100  c.c.  Typical  series  of  results  selected  from  a  large  number  of  a 
similar  character  are  quoted  in  the  following  tables.  In  these,  t  is 
time  from  the  commencement  of  the  experiment,  x  the  percentage  of 
substance  hydrolysed  and  K  the  velocity  coefficient  calculated  from 

the  equation  K  =—  logio  yf^ — • 

Lactase, — On  contrasting  the  results  given  in  the  two  following 
tables  it  will  at  once  be  obvious  that  the  character  of  the  change  is 
dependent  on  the  proportion  which  the  enzyme  present  bears  to  the 
sugar.  When,  as  in  the  case  of  Experiment  I,  the  proportion  of 
enzyme  is  relatively  large,  K  falls  throughout  the  whole  period  of 
change;  whereas,  when  the  proportion  of  enzyme  is  considerably 
reduced,  equal  amounts  of  sugar  are  changed  in  successive  equal 
intervals  of  time  until  about  10  per  cent,  has  been  hydrolysed,  the 
value  of  K  increasing  at  first  but  afterwards  falling  rapidly  as  in  the 
previous  case. 


Dr,  R  F.  Arra&tjoiig, 
2  tjrammts  Milk  Sv^  per  IQO  €.€, 


Table  I. 

Table  n. 

100  C.C 

.  Enzyme 

Extract. 

40  C.C. 

Enzyme  Extract. 

f. 

X. 

K. 

/. 

*. 

C 

Ihr. 

221 

0-1085 

iiy. 

3-2 

0042S 

2  hrs. 

31-3 

0  0812 

1  .. 

6-4 

o-oiav 

3   ,. 

38-9 

00713 

t    „ 

9-6 

0  o«i 

4    ,, 

45-8 

0-0665 

l^hre. 

13-2 

o-m 

5    ,. 

51-5 

0  0629 

2      .. 

16  4 

oos«» 

6    „ 

56-6 

0  0604 

3      . 

20-8 

ooass 

10   „ 

690 

0  0509 

5      „ 

25-2 

0-0S52 

17   ,. 

84-2 

0  0471 

23      « 

47-6 

0  OHS 

23    „ 

92-4 

00461 

100     „ 

69-6 

OOQtt 

29    „ 

95-3 

0  0457 

m 

38    „ 

98- 0 

0  0447 

^M 

1 


The  same  result  is  brought  out  in  Tables  III  and  IV,  which  apfilj  6 
flomewhat  more  concentrated  solutions  of  milk  sugar, 

5  grammes  Milk  Sugar  per  100  r.r. 
Table  III. 

100  CO.  Enzvme  Extract. 


t. 

X. 

A'. 

1  hr. 

13-7 

0-0640 

2  hrs. 

22   1 

0-U543 

3      :, 

27-2 

0-0460 

5    II 

:30-0 

0-0310 

24    „ 

51-0 

0-012'J 

Table  I\ 

20  CO 

Enzyme 

Extra::. 

/. 

X. 

A- 

1  hr. 

1-6 

0  •L'07';^> 

2  hrs. 

3-2 

u-iMj7r:. 

4    „ 

5-4 

0  •  O'j'^" '-'-_' 

23    ., 

21-4 

0  -O'j-i^o 

2!' 

25  -  0 

O-uu4:>0 

47    „ 

32  -  7 

0  -(jO/.Tu 

71    V 

45-0 

0  •  0<j3''.-"' 

44    ., 

49-6 

0 • 002u7 

That  similar  results  are  olttained  on  working  with  different  materii" 
at  different  times  is  shown  in  Tallies  V  and  VI,  which  refer  to  expt: 
ments  made  at  times  4  months  apart. 

Mill:  Sugar  jxr  100  r.r. 

Table  VI. 


10 

gra  mines 

Table 

V. 

Strong 

t. 

X. 

A'. 

1  hr. 

13-0 

0-0605 

2  hrs. 

22-1 

0-0543 

4    „ 

33-7 

0-0446 

6    .1 

3S-0 

0-0346 

24    „ 

55  -5 

0-U146 

48    „ 

64-5 

0-0094 

/. 

X. 

A'. 

1  hr. 

12-1 

0  -  0560 

2  hrs. 

18-0 

0-0431 

3    ,, 

22-0 

0-0360 

^    ., 

25-1 

0-0314 

-y^    . 

46-7 

0-0119 

28    ., 

53-0 

0-0117 

^"v     ^. 

^\«Q. 

0-0087 
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Emulsin, — Tables  VII — X  refer  to  experiments  made  with  emulsin ; 
the  conclusions  to  be  drawn  from  them  are  precisely  similar  to  those 
deduced  from  the  experiments  with  lactase.  It  is  to  be  noted  that 
emulsin  acts  much  less  rapidly  than  lactase. 


2  grammes  Milk  Sugar  per  100  c.c. 


Table  VII 

[. 

Table  VIII. 

0*2  gramme  Emulsin. 

0-4  gramme  Emulsin. 

t. 

X. 

K. 

t. 

X. 

K. 

ihr. 

3-2 

0-0282 

Ihr. 

4-9 

0  0218 

1      „ 

4-8 

00214 

2  hrs. 

7-5 

0-0169 

2  hrs. 

6-4 

00143 

4J,. 

9-4 

0-0095 

3     „ 

7-6 

0-0114 

6    „ 

10-6 

0-0081 

4i    „ 

9-0 

0-0091 

23    „ 

30-5 

0-0069 

6     „ 

10-0 

0  0091 

29    „ 

35-0 

0-0064 

23     „ 

19-7 

0-0041 

48    „ 

47-8 

0-0059 

29     „ 

22-0 

0-0037 

53    „ 

500 

0-0057 

48      „ 

290 

0-0031 

144    „ 

84-0 

0  0055 

53      „ 

30-7 

0-0030 

144      „ 

62-2 

0-0029 

264      „ 

77-5 

0-0024 

5  grammes  Milk  Suga 

rper  100 

e.c. 

Table  IX. 

Table  X. 

0*4  gramme  Emulsin. 

0-1  gramme  Emvtlsin. 

I. 

X. 

K. 

/. 

X, 

K. 

Ihr. 

1-0 

0-00440 

Ihr. 

3-1 

0-0137 

2  hrs. 

1-8 

0- 00395 

2  hrs. 

4-6 

0  0102 

4    „ 

3-2 

0-00352 

3    „ 

60 

0-00896 

6    „ 

4-5 

0- 00333 

4    „ 

7-0 

0-00790 

22    „ 

150 

0-00320 

6    „ 

8-8 

0- 00667 

46    „ 

25-6 

0-00277 

22    „ 

21-5 

0-00478 

70   „ 

35-6 

0-00271 

46    „ 

34-7 

0-00404 

167   „ 

54-7 

0-00206 

70    „ 

46-0 

0-00382 

Maliase, — Tables  XI  and  XII  refer  to  experiments  with  maltase  and 
maltose  and  show  that  here  again  the  same  conclusions  hold.  K 
decreases  steadily :  when  the  proportion  of  enzyme  is  small  the 
cliange  is  at  first  linear.  It  is  of  interest  as  confirming  these  results 
that  when  K  is  calculated  from  the  value  given  in  Croft  Hill's  tables^ 
a  similar  series  of  decreasing  values  is  obtained. 
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Table  XL 
Maltose,  5  per  cent. 

1  kr.  7-3  O'03!29 

Slirs.  13-9  0  0325 

4   „  2ii  0*0304 

7i„  31-7  00229 

23    „  35-2  00082 


TablB  XIL 
Maltose,  10  per  cent. 


#. 

*. 

r. 

Ihr. 

4-7 

0  03M 

Shre. 

11-7 

OO180 

5    . 

17-8 

O-O170 

23    „ 

23- £> 

00052 

28   „ 

25  0 

0-0045 

47    „ 

31-4 

0-0035 

CofU^ntratim  of  Hydrolyte.-- AXihoxi^  the  experiment*   reoot^ded  ii 
Tables  I^XII  furnish  evidence  that  the  rate  of  change  decT«uei  m 

the  concentration  of  the  sugar  solution  is  ioereiised^  while  the  ict^ 
weight  of  sugar  hydroiyaed  increases ;  as  the  experiments  were  nuidt 
at  different  times  and  irith  difl'erent  materials,  it  was  neces^ur  to 
carry  out  a  strictly  comparable  series  in  which  the  amount  of  si^gsr 
present  was  the  only  factor  varied.  Table  XIII  shows  the  r«siii^ 
obtained  In  experiments  with  relatively  concentrated  solutions  of  milk 
sntfa.r  anil  lactase  in  whicli  the  amoutit  of  enzyme  present  was  quiw 
sniJill.  \^  the  eoncentration  of  suLinir  was  increased,  the  rate  of  ch.^n^:? 
tliTiiiriished  so  that  the  fraction  of  sugar  bydrnly^ed  in  a  ijjven  time 
was  inversely  proportional  to  the  amount  of  sugar  present — so  ihi: 
a  constant  weight  of  sugar  was  changed  independently  of  the  ».  ::.- 
centration — a  result  which  is  in  agreement  with  Adn;tii  B^o^v■I  - 
observations  with  invertase. 


Table  XIII. — Amount  of  Sugar  Hydrolysed. 


24  hours. 


M)ho 


1-J4  hours. 


Solutions 
containing— 


I'ropor.   !  ^^.  i  ,         IVopor.     „.^     ,,,       Proper- 

tion.  °  tion.  -  tiou.  - 


1-42 

22-2 

2  '22 

33-4 

3  34 

1-40 

10  -9 

2  18 

16-9 

3  3S 

1-44 

7  ■" 

2-21 

11-0 

3-30 

10  p(^r  cent 14-2 

20         , 7  0 

30         , 4\S 


Table  XIV  relates  to  a  series  of  experiments  made  with  emul^::. 
and  milk  sugar  in  which,  however,  the  proportion  of  emulsin  taker. 
was  not  particularly  small.  Although  the  rate  of  change  decrt-ii^ed  ai 
the  concentration  increased,  the  experiments  afforded  no  evidence  tha: 
a  constant  weight  of  sugar  was  hydrolysed  in  a  given  time  in-ie- 
/jendently  of  the  couceuirwUou.  lu  a  second  series,  however,  in  which 
I  considerably  smaller  propotuow  o\  e\\7A'\\\^  ^^^^T'^^N^^^KXN^N^-i^?,  used. 
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it  was  found  that  an  approximately  constant  weight  of  sugar  was 
hydrolysed  whatever  the  concentration  of  the  sugar. 

Table  XIV. — Amount  of  Sugar  Hydrolysed. 


Solution 
containing — 

22  hours. 

46  hours. 

70  hoars. 

Propor- 
tion. 

Weight. 

Propor- 
tion. 

Weight. 

Propor- 
tion. 

Weight. 

10  per  cent 

20        

80        .,       

22 
18 

10 

2-2 
2-6 
8-C 

29 
20 
15 

2-9 
4-0 
4-5 

39-6 
25  1 
19-0 

3-98 

6-0 

4-7 

Table  XV. — Amount  of  Sugar  Hydrolysed. 


"          Solution 
containing — 

23  hours. 

48  hours. 

92  hours. 

Propor- 
tion. 

Weight. 

Propor- 
tion. 

Weight. 

Propor- 
tion. 

Weight. 

10  percent 

20        

30        .,       

19-7 
10-6 

7-0 

1-97 
2  12 
2-10 

29-8 
15-3 
10-2 

2-98 
306 
3  06 

36-7 
23-3 
16-3 

3-57 
4-66 
4-89 

The  conclusions  drawn  from  the  experiments  recorded  in  the  three 
preceding  tables  apply  only  to  the  concentrated  solutions  in  which 
the  proportion  of  enzyme  present  was  small ;  in  very  dilute  solutions, 
on  the  other  hand,  quite  another  effect  is  produced  by  changing  the 
concentration.  Table  XVI  relates  to  experiments  in  which  the  pro- 
portion of  enzyme  present  was  large  relatively  to  that  of  sugar.  It 
will  be  seen  that  on  increasing  the  amount  of  sugar  present  there  was 
nearly  a  proportionate  increase  in  the  amount  hydrolysed,  though 
the  proportion  hydrolysed,  as  well  as  the  value  of  K,  remained 
constant,  a  result  in  agreement  with  the  law  of  mass  action.  It  should 
be  mentioned,  however,  that  the  error  affecting  titration  in  these 
experiments  is  somewhat  large,  owing  to  the  influence  of  the  proteids 
on  the  determination  of  the  end  point. 

Table  XVI. 


Milk  sugar  per     Amount  changed  I  r- 

100  CO.  I       in  3  hours.       \ 


0-186 
0-098 
0-0416 


0-0296 
0-0298 
0  0W7 


\ 
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Concentraiitm  of  Enz^m. — Lastly^  Table  XVII  i^hows  tbe 
Tarying  the  amount  of  enzyme  present.     Experimiant«  in  thm  < 
are  limited  by  the  uiiccrtnin  nature  of  the  materutlf  tis  well  IW  \ 
fact  that  it  IB  thi*  coiicentratipn  of  enzyme  reUtively  to  tluU.  of  i 
which  muit  be  atudieil.     The  solution  eont^imcHl  5  per  eeni^  of  ■ 
Solutions  coiitairnng  varying  amounts  of  enryme  were  obiAinwdl 
diluting  portions  of  one  and  the  same  stronger  aolutioEi.      The  w^  I 
hydrolysed  in   a  given   time  by  varying  amotuita   of    exixym^  ml 
approsdmately  proportiouiU  to  the  amount  of  enxyme,  proriiled  UttI  | 
the   amount  was  not   too  large  and   al*o   that   the    comparison  wm 
made  during  the   earlier  stages  of   hydrolysis  before  tJie  secomkj 
products  began  to  exert  a  marked  influence. 


Table  XVII. — Proportions  Hydrolysed  in  100  cc.  of  a  5  per 

Solution. 


Solution  oonUinmg  1 1  'h  honra. 


20  bauT«^     2o  boiut.     45  hc^urm. 


li  "5  r.',v,  lac t age. 
2iU       ,,  .,       . 


1   ti 
A  2 


23 


2  6 


ra- 


3-9 
10-2 

38  6 


«91 


4  ■» 

12  ^ 


Yorv  small  quantities  of  the  enzymes  lactase  and  eniiilsin  vt:: 
found  to  l>e  capable  of  hy«lrolysin^'  only  a  small  aiiiuiint  of  sui:.r 
their  action  then  ce^ised.  This  result  atlords  veiy  definite  evidence  ii 
favour  of  the  view  that  the  j)rotluct^  of  hydrolysis — m  this  •,.>' 
glucose  and  galactose — are  capaMe  of  coml»ining  with  enzymes  ai. . 
removing  them  from  the  sphere  of  action. 

Table  XYIIL—  Proj)(»rtions  Hydrolysed  in  100  c.c.  of  a  5  per  oeiit. 

Solution. 

Solution  i-ontainiutT         24  hours'.         14 i  liours. 


0  fif?  c.i-. 

larta^e. .  .  . 

2  -3 

2  3 

1    M        .. 

3-2 

3o 

2  -o 

.,      .... 

r>  -3 

7  -4 

'>  o 

,,      .... 

15-4 

34  0 

Summary  cju/  Ih.<ni.<:.<i(m  of  L\.<iilfs — Xatiire  of  Enzyme  Action. 

From  the  results  recorded  in  the   foregoing  tables,  it  is    clear  thr^t 

two  periods  may  be  distinguished  in  the  course  of  change — an  earlier 

period,  during  wh\c\\  iVie  cW\w^^  \%  a  Uuear  function  of  the  time  :  and 

a  later  period,  during  \\\\\e\i  tWw^e  \>\vv^viviv\^  wx  ^w^-Oc^^  ^^nj^  v^^-i.bl^j 
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3:31,  IV,  VII,  XI).     The  duration  of  these  periods  is  conditioned  by 

-•rtbe  relation  which  the  amount  of  enzyme  present  bears  to  the  sugar, 

ilr'tihe  linear  period  disappearing  when  the  amount  of  enzyme  present  is 

bTBlatively  considerable  (Tables  I,  III,  VIII).    It  will  be  noted  that  in  the 

lOues  studied  in  which  the  action  proceeds  comparatively  slowly,  e,g.^ 

%  Kydrolysis  by  lactase,  emulsin  or  maltase — K  falls  rapidly  in  value  ; 

J  whereas  when  the  action  proceeds  rapidly,  «.^.,  hydrolysis  by  invertase 

r:  'Or  diastase — K  increases. 

To  understand  the  origin  of  these  differences,   it  is   desirable  to 

%  <Kmsider  the  subject  of  mass  action  somewhat  in  detail,  even  at  the  risk 

»  of  repetition. 

Changes  such  as  that  which  cane  sugar  undergoes  in  an  aqueous 

solution  under  the  influence  of  a  catalyst,  in  which,  on  account  of  its 

large  relative  mass,  the  part  played  by  the  solvent  may  be  disregarded 

— known  as  changes  of  the  first  order — are  assumed  to  follow  the 

logarithmic  law  of  mass  action  :  it  is  supposed  that  the  one  substance 

only  undergoes  change  and  that  the  same  fraction  of  the  residue  is 

.   changed  in  successive  equal  intervals  of  time,  i.e.,  the  factor  K  deduced 

1  S 

from  the  equation  K  =  -  log  ^ —  is  a  constant. 
t         b  —  a; 

But  this  is  an  ideal  conception,  as  it  involves  the  assumption  that  the 
amount  of  catalyst  functioning  is  so  small  as  to  be  negligible.  In 
actual  practice,  not  only  is  the  amount  of  enzyme  used  not  incon- 
aiderable  but  it  is  known  that  the  rate  of  change  is  affected  both  by 
alteration  in  the  concentration  of  the  hydrolyte  and  in  the  proportion 
which  the  hydrolyte  bears  to  the  catalyst ;  moreover,  the  products  of 
change  are  known  to  exercise  an  influence  and  in  concentrated  solutions 
reversion  may  take  place. 

In  view  of  the  proof  afforded  by  E.  Fischer's  researches  that  a  close 
relationship  exists  in  configuration  between  the  hydrolyte  and  the 
enzjnoie  which  alone  affects  it,  there  can  scarcely  be  any  doubt  that 
hydrolysis  by  enzymes,  in  the  first  instance,  involves  the  combination 
of  the  enzyme  with  the  hydrolyte,  as  Horace  Brown  and  Glendinning 
have  assumed  to  be  the  case. 

On  this  assumption,  the  rate  at  which  the  change  proceeds  will 
depend  on  the  extent  to  which  the  combination  of  enzyme  with  sugar 
takes  place  as  well  as  on  the  degree  of  readiness  with  which  the 
compound  breaks  down. 

The  proportion  of  the  total  sugar  present  in  solution  combined  with 
the  enzyme  and  undergoing  change  at  any  one  moment  may  be  regarded 
as  the  active  mass  of  the  sugar.  The  conception  of  an  active  mass  has 
already  been  introduced  by  Arrhenius*  but  in  another  connection — to 
account  for  the  very  rapid  rise  in  the  value  of  K,  when  cane  sugar  is 
hydrolysed  by  acids,  occasioned  by  a  rise  in  tem^ftT!«A>\>x^^  XJsva  \x\Kt<i»»Rk 


being  far  greater  than  can  be  aeeountad  for  by  the  increA^ecl  "  ionis^tion* 
or  by  the  greater  mobility  of  the  molecules  at  the  higher  temper&tart 
Arrheniug  supposed  that  only  a  part  of  the  total  hyciroiyte  proKK 
was  really  concerned  in  the  hydrolysis :  this  be  termed  the  **  neiin 
part/'  It  was  arbitraril}^  assiuiied  that  this  waa  a  fixed  prtrportloii  4 
the  total  mass  at  any  tetapersture  and  that  the  proportion  Cncreftnl 
rapidly  as  temperature  rt»e> 

On  the  hypothetis  that  the  enzyme  combines  with  Che  migmr,  tb 
active  mass  of  the  sugar  will  be  that;  portion  s  of  the  whole  S  w%ji4 
is  in  combitiation  with  an  amoimt  of  eni:yme  e  i  it  wOl  ba  coti¥«sikii 
to  speak  of  the  combination  s  +  em  the  a^tim  system. 

It  is  to  be  supposed  that  several  infiuences  are  at  work  in  a 
containing  enzyme  and  sugar :  on  the  one  hand,  enzyme  mod 
molectiles  seek  to  combine ;  but  on  the  other,  the  water  molecitks 
tend  to  unite  i^ith  the  iugar  molecides — so  that  there  ts,  so  to  spe^ 
competition  between  the  enzyme  and  the  water  for  the  su^^ar  molaetiks, 
wbtch  results  in  the  establishment  of  an  equilibriun}  depending  i^ 
some  J  though  probably  a  very  limited  extent,  on  the  proportion  reb- 
lively  to  eiizyme  in  which  the  wat«r  and  sugar  molecules  are  preseoL'^ 
The  pnssiltility  that  the  pnxluets  of  cham^e  abo  compete  for  the  enrrrar 
mnst,  however^  nut  ^le  left  mu  tj  rou^ider.itiou. 

It  is  necesSi^ry  to  consider  separately  four  sets  of  CLtiiditiuns,  viz.  :— 

Case  I,  in  which,  whatever  the  amount  of  sugar  present,  the  4uan:::v 
of  enzyme  is  relatively  small. 

Case  II,  in  which  there  is  a  difference  from  Case  I  inasmuch  as  ibe 
quantity  of  enzyme  is  relatively  considerable. 

Case  III,  in  which  the  amoiuit  of  enzyme  diminishes  as  the  action 
proceeds. 

Case  IV,  in  which  the  amount  of  sugar  present  is  varied. 

C'lsf  I. — As  hydrolysis  proceeds,  assuming  that  the  en z vine  itself  is 
not  affected  by  the  work  it  does,  since  the  magnitude  of  the  active 
system  depends  on  the  amount  of  enzyme  present,  it  is  obvir)Us  that  i': 
the  initial  stages,  if  the  total  amount  of  sugar  present  S  be  larire  :«  c- 
pared  with  .s  ^^^  enzyme  will  l)e  in  presence  of  enough  suirar  uioic  lii:^^ 
to  establish  the  maximum  possible  number  of  effective  conil.inarion? 
or  in  other  words  the  magnitude  of  the  active  system  will  remi::. 
constant  and  the  change  will  ])e  expressi]>le,  as  Brown  and  Cilendimiin.: 
have   pointed  out,   as   a   linear  function   of  the  time.      As    hvdrt.^Ivsis 

*  The  ejizvmos.  it  is  lo  be  supposed,  are  colloids,  i.e.,  substances  whicii  have  b-:* 
little  atHuity  for  water  :  the  stability  of  the  eoinbination  s  -i-  e  will  therefore  be  b.* 
to  a  sliiiht  extent  dependent  on  the  proportion  in  which  water  is  present  -.  where-d* 
probably,  in  the  ease  of  a  combination  of  a  crystalloid,  such  as  an  acid,  With  -u^^ii- 
the  prop(»rtion  in  which  the  components  of  the  system  are  in  equilibrium 

rarv  to  aconsidera\t\e  client  v»\t\\  l\\e  cowcevvVx-^Wv^w.    'W\\%\'^  ^uowu  (o  be  tl 

The  effect  of  acida  ie  dealt  ^uXi  \ii  ^  ^e^wr^XQ  x^oW. 
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proceeds,  the  amount  S  of  sugar  present  decreases  until  it  is  no  longer 
negligible  compared  with  that  of  the  active  part  s  and  hence  the 
enzyme  will  no  longer  effect  the  maximum  possible  number  of  com- 
binations :  the  proportion  of  sugar  s  undergoing  change  will  then  be  a 
function  of  the  total  mass  and  the  formation  of  active  systems  will 
be  governed  by  the  law  of  mass  action.  The  rate  of  change  will  be 
'  a  logarithmic  function  of  the  time. 

This  explanation  is  fairly  in  accordance  with  the  observed  facts 
in  the  case  of  invertase  and  diastase,  the  only  enzymes  hitherto 
experimented  with,  which  have  always  been  used  in  very  small 
quantities. 

Case  II, — If,  on  the  other  hand,  the  quantity  of  enzyme  used  be 
relatively  large,  the  active  mass  will  be  a  function  of  the  total  mass  from 
the  very  beginning  of  the  experiment,  so  that  the  linear  part  of  the 
change  will  escape  notice.  O'Sullivan  and  Tompson  seem  to  have  used 
a  relatively  large  proportion  of  enzyme,  and  therefore  it  is  easy  to 
understand  why  they  found  the  action  of  invertase  to  follow  the 
logarithmic  law,  whilst  subsequent  observers  using  relatively  smal! 
quantities  of  enzyme  have  noted  departures  from  this  law. 

Case  III, — When  the  amount  of  the  enzyme  does  not  remain  constant 
but  for  some  reason  decreases,  the  magnitude  of  the  active  system  will 
not  only  be  a  function  of  the  amount  of  sugar  but  also  of  that  of  the 
enzyme ;  it  will  therefore  be  represented  by  an  equation  of  the  second 
order,  in  which  both  of  two  interacting  substances  decrease — as,  for 
example,  is  the  case  in  the  interaction  of  an  alkali  and  methylic 
acetate.  Such  an  expression  corresponds  to  a  curve  falling  off  from  a 
logarithmic  curve  and  therefore  giving  a  series  of  decreasing  values 
for  K  when  this  is  calculated  for  the  simple  logarithmic  law.  In  such 
a  case,  the  change  in  its  early  stages  will  still  be  a  linear  function  of 
the  time,  as  the  diminution  in  the  amount  of  enzyme  will  not  at  first 
materially  influence  the  magnitude  of  the  active  system. 

Stated  shortly,  the  ordinary  equation  of  mass  action 

J  =  K(S-.), 

where  S  is  the  total  sugar  and  x  the  amount  changed  in  time  ty 
is  applicable  only  to  the  period  during  which  a  consunt  relatively 
large  proportion  of  enzyme  is  present  together  with  a  continually 
decreasing  amount  of  sugar  but  uninfluenced  by  the  products  of 
change. 

During  the  final  period,  when  the  products  of  change  exercise  an 
influence  by  withdrawing  enzyme  from  the  sphere  of  action, 
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where  E  ii  the  toUl  ensjme,  y  tbe  amouBt  witbdraim  In  combioitx 
with  the  products  in  time  /. 

During  the  period  when  the  proportioo  of  9ti|^r  pra^mt  m  ttq 
large,  z  becomes  negligible  compared  with  S^  so  tliAt 

where  k  is  a  constant. 

The  apparent  duration  of  the  linear  period  must  he  affeesed  i£ 
only  by  x  becoming  no  longer  negligible  compared  with  S  \m%  iJai 
hy  the  e^eni  to  which  the  products  of  change  make  their  in^iaesa 
felt. 

It  may  here  be  pointed  out  that  Henri's  formtila  comhiiies  in  t 
single  expression  the  linear  and  logarithmic  periodt,  hut  cloe^  nol  taki 
into  account  the  laat  period  during  whicli  the  products  of  the  ducgi 
exercise  a  retarding  influence. 

All  these  points  are  brought  out  not  only  in  the  re^iltc  girrai  k 
this  paper  but  aUo  in  those  tabulated  by  Brown  and  Gl^idinmif. 
A 1  though  these  observers  hiive  cUled  attention  to  the  exi^ien-ce  ^li 
;l  linwir  period  followed  by  a  **  logarithmic  "  period,  they  have  failed 
Xii  tNtint  nut  tile  tiioaiiing  uduuh  niav  hi_-  :i:i:m-\h-<1  in  slii---  decrease  ix. 
me  values  01  iv  observed  during  the  laiier  stages  01  nyarMlvsis,  wnen 
the  products  exercise  a  marked  influence. 

Their  experiments  aflford  an  example  of  such  an  influence.  Ti-ii 
in  Table  IV,*  referring  to  the  hydrolysis  of  a  3  per  cent,  soluiior. 
of  starch  \*y  diastase  at  '2\\  the  value  of  K  will  be  seen  to  in:redi< 
tuitil  alMjut  half  the  starch  was  hydrolysed  and  then  to  decrease.  Ii 
the  value  after  60  minutes  lie  made  the  new  starting  point  and  the 
values  ])e  recalculated  in  the  manner  adopted  by  Brown  an: 
Glendinnint:,!  the  following  ficrnres  are  obtained  : — 


)ld  time  unite. 

New  time  units. 

Ko- 

GO  minutes 

— 



80       ., 

20  minutes 

458 

100       ., 

40       „ 

461 

120       ., 

60       „ 

446 

140       „ 

SO       „ 

410 

It  is  evident  that  whereas  K,^  shotild  be  a  constant  if  the  pen>: 
were  '*  log.irithinic,"  it  begins  to  decrease  after  about  ij6  per  ceru.  of 
the  starch  has  been  hydrolysed  :  showing  that  the  influence  of  the 
products  in  removing  enzyme  has  begun  to  make  itself  felt. 

The  action  of  invertase  appears  to  be  nuich  less  afl'ecteci  bv  inven 

A-  Loc.c\t.,^.'i^*i. 
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^  sugar  and  that  of  diastase  by  maltose  than  is  that  of  lactase,  emulsin 
or  maltase   by  the   products  to  which  they  respectively  give  rise. 

^  Consequently,  for  these  latter  enzymes,  the  linear  period  is  of  short 
duration  (Tables  II,  IV,  VII,  XI)  and  the  logarithmic  period  is  barely 
perceptible,  owing  to  the  rapid  reduction  in  the  rate. 

Case  IV, — When  the  amount  of  enzyme  and  water  is  kept  constant 
whilst  that  of  sugar  is  increased,  it  may  be  supposed  that  the 
magnitude  of  the  active  system  will  increase  until  s  +  e  reaches   a 

-  maximum,  a  definite  equilibrium  being  established  between  enzyme, 
sugar,  and  water,  the  whole  of  the  enzyme,  perhaps,  becoming  com- 

-  Inned  with  the  sugar.  It  may  be  assumed  that  if  the  amount  of 
sugar  be  further  increased,  the  equilibrium  will  remain  imafFected, 
notwithstanding  that  an  addition  of  sugar  is}practically  equivalent  to 
a  withdrawal  of  water. 

But  if  s-¥e  remain  unaltered,  whatever  the  proportion  of  sugar 
present  beyond  a  certain  minimum,  a  constant  amount  of  hydrolyto 
will  undergo  change  in  a  given  time,  although  the  proportion  changed 
as  also  the  value  of  K  will  decrease  as  the  concentration  is  increased. 
This  conclusion  is  entirely  in  agreement  with  the  facts  elucidated, 
especially  by  Adrian  Brown,  and  with  my  own  observations. 

Lastly,  it  should  be  pointed  out  that  in  discussing  the  action  of 
enzymes,  besides  taking  into  account  the  conditions  affecting  the 
formation  of  an  active  system  and  the  part  which  such  a  system  plays 
in  hydrolysis,  it  is  necessary  to  consider  the  relative  stability  or 
tendency  to  break  down  under  the  influence  of  water  of  the  combina- 
tion of  enzyme  and  sugar  in  connection  with  the  very  different  rates 
at  which  different  enzymes  condition  hydrolysis.  Generally  speaking, 
the  observed  differences  in  the  rate  at  which  hydrolysis  is  effected  may 
be  conditioned  by — 

(a)  Specific  differences  in  the  enzymes,  e.g.y  lactase  as  compared 
with  emulsin,  which  both  hydrolyse  milk  sugar. 

{b)  Differences  in  the  configuration  of  the  hydrolyto,  e,g,^  /3-methyl 
glucoside  and  jS-methyl  galactoside,  which  are  both  hydrolysed  by 
emulsin. 

(c)  Differences  in  the  stability  of  the  hydrolytes,  e.g.^  cane  sugar  as 
compared  with  milk  sugar. 

But  it  is  very  difficult  to  institute  just  comparisons,  for  whereas, 
in  the  case  of  acids,  the  effect  of  only  a  single  substance  on  the  variety 
of  sugars  may  be  contrasted,  in  studying  the  hydrolysis  of  sugars 
under  the  influence  of  enzymes,  it  is  necessary  in  most  cases  to  use  a 
different  enzyme  for  each  sugar,  so  that  positive  data  are  not  easily 
obtained.  Experiments  made  under  comparable  conditions  with  acids 
to  test  their  action  on  different  sugars  show  that  these  are  hydrolysed 
at  very  different  rates :  thus,  for  instance,  whikt.  caxv^  ^W3^>jt  \a. 
hydrolysed  nearly  1000  times  as  rapidly  aa  iiiBb\\.o^^,  \Xa&\6XXRs^  \isv^^^- 
VOL.  LXXIU.  ^  ^ 
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goes  cliaiige  about:  1-3  timt^  tm  nipldly  as  milk  sugnr.  It  it  mxFs^ 
possible  to  doii1>t  that  even  greater  differ€ncea  eioBt  bodi  in  di 
affinity  of  the  enzymes  for  the  sugar  and  in  the  dcgreei  of  radM 
with  which  the  enzyme  Biigar  gyeteiui  break  down  thati  art  kiBKm 
to  hold  in  the  ease  of  acid  siigar  systems.  It  h  important  tri  fa«f 
these  con eide rations  in  view  in  di^cuMsing  the  r9te  at  which  diffen^ 
enzymes  eifect  hj-drolysi*. 

It  will  be  apparent  from  what  has  been  said  that  lliert?  is  nn  itms 
to  suppose  that  the  action  of  enzymes  follows  any  othe^r  thiii  i 
normal  course  ;  the  difficulties  which  have  been  met  with  in  im*" 
preting  such  changes  may  be  ascribed  to  the  incojmftleie  con^arltfviMi 
of  the  numerous  factors  involved. 
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Q  12 M) J       glucosides  on  their  a<tivity. 

In  the  i)revious  paper,  it  has  l)een  shown  that,  in  order  to  ex]^/.:^:- 
the  acti<jn  of  sucroelastic  enzymes,  it  is  neiess;\ry  to  ii^sume  not  « r^^y 
that  the  enzyme  combines  with  the  hydrolyte  but  that  it  is  also  niort 
or  less  atlected  by — and  presumably  combines  with — the  prcniuc:  d 
change. 

At  present  there  is  ]»ut  little  information  available  bearing  - 
this  latter  contention.  The  experiments  to  be  deseri])ed  have  ^-cc: 
made  with  the  object  of  ascertaining  by  direct  observation  whether  ;v::^ 
to  what  extent  the  acti<»n  of  a  given  enz\'me  is  affected  by  one  or  m :*: 
of  the  products  formed  under  its  intlueiK-e.  They  establish  ver." 
clearly  the  existence  of  a  close  relationship  }>etween  the  eontitjimit:.: 
of  the  hexose  and  the  enzyme  in  those  cases  in  which  a  retarvii'^ 
intiuence  is  apparent  :  it  is  ditiicult  to  explain  such  a  result  except  - ' 
the  assumption  l\\at  tW  e\vz.Niv\^  vu\'\\\viy.v)^.M  viv^wxlaue  together  in  svi:.^ 
intimate  manner. 
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Historical, — The  observation  made  by  Wiirtzin  1879,*  when  studying 
the  action  of  Papain  on  fibrin,  that  the  enzyme  was  in  some  way 
retained,  probably  first  gave  rise  to  the  conception  that  the  primary 
action  of  enzymes  was  additive  in  character.  The  first  definite  evidence 
of  combination,  however,  appears  to  be  that  advanced  by  (ySuUivan 
and  Thomson  in  1890.t  It  was  shown  by  these  observers  that  in  the 
presence  of  cane  sugar  invertase  will  withstand  without  injury  a 
temperature  fully  25°  higher  than  it  will  in  its  absence.  They  pointed 
to  this  as  a  very  striking  fact  which  was  difficult  to  explain  except  on 
the  assumption  that  the  invertase  enters  into  combination  with  ther 
sugar ;  they  further  supposed  that  it  was  capable  of  combining  with 
the  invert  sugar. 

Systematic  experiments  were  made  by  Tamman  in  1892,  J  who 
showed  that  the  hydrolysis  of  amygdalin  and  salicin  by  emulsin  is 
materially  retarded  in  either  case  on  adding  any  one  of  the  products  of 
their  change  in  advance. 

The  effect  of  glucose  on  the  hydrolysis  of  maltose  by  maltase  waef 
studied  by  Croft  Hill  in  1898.§  The  retardation  observed  was  attri- 
buted by  him,  perhaps  not  quite  logically,  merely  to  a  reverse  action 
by  which  the  glucose  underwent  conversion  into  maltose :  it  may  be 
added  that  the  investigation  was  undertaken  by  him  from  this  point  of 
view. 

A  more  definite  step  forward  was  taken  by  Henri  in  1901,  who 
showed  that  the  retarding  effect  of  invert  sugar  was  mainly  due  to  the 
fructose,  glucose  having  little  or  no  effect  on  the  action  of  invertase  on 
cane  sugar.  Evidence  that  the  effect  was  due  to  a  specific  action  of 
the  invert  sugar  was  adduced  in  the  same  year  by  Adrian  Brown,|| 
who  showed  that  whilst  the  rate  of  hydrolysis  of  cane  sugar  was 
materially  reduced  by  invert  sugar,  the  corresponding  amount  of  milk 
sugar  had  little  or  no  effect,  thus  precluding  the  conclusion  that  the 
retardation  was  due  to  increased  viscosity  of  the  liquid. 

In  the  course  of  his  classic  researches  on  the  action  of  enzymes  on  the 
stereochemically  related  glucosides  commenced  by  Emil  Fischerll  in 
1894,  it  was  clearly  established  that  the  closest  relationship  exists 
between  the  configuration  of  the  hydrolyte  and  that  of  the  particular 
enzyme  which  can  affect  it. 

In  a  course  of  lectures  delivered  at  the  Pharmaceutical  Society  in 
1892,**  my  father  discussed  fermentation  phenomena  generally  from/ 
the  point  of  view  that  hydrolysis  was  conditioned  by  the  association  of^' 

*  *C.  R.,'  vol.  81,  p.  425  and  vol.  91,  p.  787. 

t  *Chem.  Soc.  Tpons./  vol.  57,  p.  919. 

X  '  Zeit.  phyeiol.  Chem.,*  vol.  16,  p.  291. 

§  '  Chem.  Soc.  Trans.,'  1898,  vol.  28,  p.  684. 

II  •  Chem  Soc.  Trans.,*  1902,  vol.  81,  p.  873 
%  Summary  in  *  Zeit.  phyeiol.  Chem./  vol.  26,  p.  60. 
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the  enz^m^  with  both  the  sugar  and  water  i  this  theme  ira»  fiirAff 
developed  in  his  Pfesldetilial  Address  to  the  Chemical  Society  io  IS^* 

Ilydrol^m  of  MiUi  Sv^ar  b^  JjictaM. 

TfMt  1.— Solutions  were  compared  catitoiiimg  aqiml  amounu  of  i^ 
migar  to  one  of  which  an  equal  weight  ot  a  mixture  of  equal  pam  *i 
glucose  and  galactoee  was  add^ :  it  ^ill  W  seen  that  this  juirHtim 
reduced  the  rate  to  nearly  half  tta  value.  In  this  and  all  subaei|t)A< 
tables  the  figures  indicate  the  percentage  of  biose  hj^drolys^sd  :— 


+  6  ^r»aaae* 

Time  in 

houn. 

I 

10  ^Tninin«»  mtlfc 
»iupir  }Kt  100  c,r. 

bgrwamea 
0-88 

3 

3-S 

134 

4 

3-37 

1«2 

S 

3-8 

2-22 

al 

5-55 

319 

^ 

6-45 

3-64 

Tt^hh*  3* — The  effV'tt  of  ghu  one,  of  galuctuj?e  i^n<\  *^"f  an  e^uwl  weidti 
of  a  mixture  of  both  on  a  lU-per-cent.  solution  of  milk  sugar  ..'r 
contrasted  in  the  following;  table  : — 


+  5  gramme? 

galactose  ami 

Time  in 

+  1«>  gramme* 

5  gramme:* 

-K     10  iira:    '_> 

hour?. 

galactose. 

glucose. 

4rlu'X)'K^ 

19 

18-2 

22-8 

OO-O 

24 

21-0 

25  0 

25 -6 

44 

25-6 

29-5 

29-5 

G7 

3U-9 

M'i< 

34  S 

190 

:3s-7 

44-8 

44S 

Tail'  3. — That  the  retardation  is  produced  almost  entirely  bv  :r. 
galactose  and  that  glucose  nr  fructose  are  almost  without  influence: 
shown  by  the  following  comparisons : — 


;) 

gni  mines 

rime  in 

milk  sii-rar 

- 

5  irrainm 

cs 

+  5  crammes 

-^    o  :^ni'; 

hour?. 

P' 

r  KK)  e.e. 

izlu.-ose. 

irueto*e. 

«.a';i  •! 

4 

ls-0 

17-0 

180 

l».Vn 

22 

59-2 

59-G 

59-6 

47-4 

28 

♦  )5-G 

65 -4 

65-4 

52-U 

69 

81-4 

7S-4 

80-2 

61-0 

* 

■v 

rAW-^-i  \o\ 

>N~ 

>Y 

Wi^. 
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Table  4. — The  effect  of  increasing  the  amount  of  galactose  is  illustrated 
by  the  following  figures  : — 

5  grammes 

Time  in      milk  sugar  +  6  grammes  +  3  grammes  + 10  grammes  + 15  grammes 

lionrs.      per  100  c.c.  fructose.  galactose.  galactose.  galactose. 

5          .18-8  18-8  16-0  15-2  9*2 

23            59-6  560  380  28-4  18-0 

48            67-2  680  474  370  19*2 

Hydrolysis  of  Milk  Suga/r  hy  Ermdsin, 

Table  5. — A  comparison  of  the  relative  influence  of  glucose  and  of 
galactose,  as  well  as  of  an  equal  weight  of  a  mixture  of  these  in  equal 
proportions,  on  the  rate  of  hydrolysis  shows  that  the  glucose  has  the 
greater  effect  on  this  enzyme.  Each  solution  contained  10  grammes  of 
milk  sugar  in  100  c.c. ; — 


Time  in 
hours. 

1 

+  10  gremmea 

gluooae. 

10 

■¥  6  grammes 

glucose  and 

6  grammes 

galaotose. 

10 

+  10  grammes 

galactose. 

1-3 

2 

2-8 

3-2 

3-5 

3 

3-8 

40 

4-3 

23 

7-4 

8-7 

8-7 

46 

9-3 

111 

120 

70 

17-7 

20-7 

21-3 

140 

34-4 

390 

42-7 

380 

45-8 

501 

540 

Table  6. — The  following  results,  representing  the  influence  of  glucose, 
galaotose  and  fructose,  show  that  whilst  glucose  most  retards  hydrolysis, 
galactose  also  exercises  a  retarding  influence,  fructose  having  little  if 
any  effect,  the  differences  noticed  being  within  the  limits  of  error : — 

5  grammes 

Time  in  milk  sugar           +  5  grammes  +  5  grammes       ■¥  5  grammes 

hours.  per  100  c.c.  fructose.  galactose.  glucose. 

22                  170  170  160                  13-6 

46                  320  30-4  232                   20-0 

70                  46-0  43-8  31-2                  27-0 

94                  580  54-6  42*0                   348 

Hydrolysis  of  Maltose  hy  Maltose, 

Table  7. — In  this  case,  glucose  retards  the  hydrolysis  considerably 
galactose  also  has  a  slight  retarding;  inftuQii(^e«  W\i  ^^  ^^<^\>  ^Wc>^^^ifeKv 
ia  not  appreciable : — 
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Tune  m 

3 

5 

24 


6  gr&Tiijnott 


per  lOQ  e»e. 
25*6 
34  0 
738 


258 
34-8 
76-2 


-  5t 

gBlU3lO*eL 

25*2 
288 
64*0 


CtnTehtum  of  D^erenHiil  Artiim  nf  Enspnfs  wilh  Qm/hfwmHam  ^f 

Combining  my  restilta  with  Etnil ,  Fbcher*9  earlier  ob#etn*&ticiitft  ik    1 

following  table  U  arrived  at : — 


RtttffiBr. 


Bffeet  of  fi«sio«»  on  rvtv  of  d 


Gdrreipottiflifig  Ujdroljt*. 


QlufX»e.         Q«1siAeM.  I  Wr 


{i^e.^  milk  «ug:ir^  ^-alkjl 

I  f^'Galacro-iidp* 

MiiltAM^  .*'  a '  Gl  uci>si  d  i** 

gluroffides). 
B-Galat'to«iilr5i 


Rt-ui 


I        fi«tai-d9  Be  card* 

I  ^*ou»  i  di^rii  bl  V  -     #1 1  g  h  i  E  ^ . 


B*"  tarda 


H^Unl# 


j  canndertiblT.     sbiihttv. 


(i  r.^  c^nf-am^^r,  ri)  (linage, 
(Ze  nt  1  an  os^h  niaD  ekhH  rtftin* ) , 


1  Id!  none 


Betanl^ 


The  compouiuls  entered  in  the  .second  column  of  the  table  are  tbv>; 
which,  according  to  Phnil  Fischer,  are  alone  hydrolysed  l»y  the 
particular  enzymes  indicated  in  the  first  column.  My  own  «d>^e:^  . 
tions  on  the  specific  retarding  infiuence  of  the  various  hexosc-  a.i 
entered  in  the  remaining  columns.  It  is  clear  that  the  only  hex«>c- 
which  retard  hydrolysis  hy  any  given  enzyme  are  those  derived   f:"::. 

•  It  is  probable  tliat  lliese  (.'onipoiinds  arc  not  derivatives  of  fructose  of  the  —OF. 
type  correspond  iiiii  to  the  simple  izlucosides  -.  j)robably  the  linkage  is  of  a  p- .....-' 
character,  two  centres  bfinij  i-oncerned.  In  this  connection,  it  may  be  mentioi:* 
fhat    invertase  has  no  acl\ou    ou  uw^VVnA  "iTxxciVoWwVe ,  \\   substance    in    every    ws^ 

antilogous  to  n\ethy\g\uco*\do.     T\u^  v^vwV  \N\\\\ie  mowilv^s  ^^A\  ^\N>xv5^<i^  Uv- 

romniunieation. 
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the  hexosides*  which  undergo  hydrolysis  under  the  influence  of  that 
enzyme. 

A  more  absolute  proof  of  the  close  correlation  in  configuration 
between  enzyme  and  hydrolyte  cannot  well  be  imagined :  it  is  difficult 
to  interpret  such  behaviour  in  any  other  way  than  as  evidence  that 
the  enzyme  combines  with  the  hexose  in  some  special,  peculiarly  intimate 
manner  and  is  thereby  withdrawn  from  the  sphere  of  action.  The 
retardation  cannot  well  be  due  to  reversion,  as  in  the  case  of  milk 
sugar  the  retardation  is  effected  chiefly  by  glucose  when  emulsin  is  the 
active  agent  but  by  galactose  alone  when  lactase  is  used  to  effect 
hydrolysis. 

Emil  Fischer's  researches  have  brought  to  light  the  remarkable  fact 
that  the  naturally  occurring  hexoses  or  derivatives  of  these,  i.«.,  glucose, 
mannose,  galactose  and  fructose,  are  the  only  compounds  affected 
either  by  the  organisms  which  condition  alcoholic  fermentation  or  by 
any  of  the  sucroclastic  enzymes.  The  stereoisomeric  hexoses  produced 
by  artificial  means  cannot  be  fermented;  this  is  true  also  of  the 
**  lower  "  and  "  higher  "  sugars,  whether  derived  from  natural  products 
(arabinose,  xylose,  etc.)  or  prepared  artificially  from  the  natural 
products  by  reducing  or  adding  to  the  number  of  carbon  atoms  in  the 
chain.  The  fact  that  resistant  materials  such  as  straw,  the  gums,  etc., 
are  pentose  derivatives  is  of  interest  in  this  latter  connection.  Three 
of  the  four  hexose  sugars  referred  to  are  fermented  readily  and 
apparently  with  equal  ease;  the  fourth,  galactose,  is  only  slowly 
fermented :  such  being  the  case,  it  is  noteworthy  that  the  formulae 
ordinarily  assigned  to  glucose,  mannose  and  fructose  are  reducible  to 
one  common  enolic  form.  It  is  conceivable  that  this  enolic  form  is 
the  substance  actually  fermented  to  carbon  dioxide  and  alcohol. 


CHO 

CHO 

CH2.OH 

CH.OH 

HC.OH 

HO.C.H 

Co 

COH 

HO.CH 

HO.CH 

HO.CH 

HO.CH 

HC.OH 

HC.OH 

HCOH 

HC.OH 

HC.OH 

HC.OH 

HC.OH 

HCOH 

CH2.OH 

CH2.OH 

CH2.OH 

CH2.OH 

Glucose. 

Mannose. 

Fructose. 

Enolic  form. 

•  Tbe  tenn  *'  hexoside  "  is  used  as  a  general  ex^remloxi  io  vwiVoAa  ^il  ^»\B^^^a^^^ 
of  a  glueosidic  character  derived  from  a  hexosf. 
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But  it  ia  iiecsssary  to  attribute  a  7K)xide  foimula  to  glueo^  mvA  'H 

derivatives,*  thtia;— 


OH 

t 

t 

*li 

HO 

P 

i 

H 

OH 

OH 

N 

/* 

H 

s 

at} 


When  R  =  H,  the  formula  is  that  of  glucose  itself  ;  vrfaeQ  R  ij  in 
alkj]  radicle,  it  represents  one  of  the  alkyl  glucoeides  ;  wh^en  R  ii  * 
hexose  residue  (C^^iHiaOu  —  H),  it  represents  a  biose  such  as  mdt£«ev 
The  carbon  aU^m  to  which  the  group  RO  is  attached  in  this  fonnub  ia 
that  which  is  figured  aa  the  superior  carbon  atom  in  the  fonniiii 
Drevioualy  given. 

^ ffi trh ft'^jif  'if  fn: ijmf'  Ut  h ffdroltftf,  —The  e ffec t  of  b ydrol vsis,  wh et b er 
by  acids  or  enzymes,  is  to  remove  the  radicle  R  and  displace  it  Vv 
hydrogen ;  apparently,  this  change  need  in  no  way  affect  the  oxygci: 
linkage  in  the  ring.  In  the  case  of  acids,  although  the  attack  may  \ 
regarded  as  located  on  the  OR  radicle,  it  probably  proceeds  from  ::.e 
neighbouring  oxygen  atom  of  the  ring  ;t  but  there  is  every  reasoii  : o 
suppose  that,  in  the  case  of  enzymes,  the  enzyme  becomes  in  some  v.y 
attached  aIon(j  thr  Utu:  of  mrhon  a!ofn.<,  thus  : 


BO0, 


-  — -. — 

*  It  is  to   be   borne  in  mind   tliat  ordinary  filiicose  in  solution  consist  >  alr^-" 
Aviiolly  of  two  stereoifsomeric  compounds  in  equilibrium,  totretber  witli  a  verv  ?'x^^ 
j)roportion,  at  llie  most,  of  tbe  enuli*'  form,  tbe  presence  of  wbicb  must  be  a>?u:r-- 
in  order,  amonfr  otlier  reasons,  to  explain  tbe  result*  arrived  at  bv  Lobrv  de  Btuv: 
whi^-b  esfablisli  a  reciprocal    rel-itionsbij)  between  (glucose,  fructose  and  manno-e  :r 
solution.      Tbi'  ariiument  wbicb  makes  it  iiecessarv  to  attribute  tlie  v-oxide  formul- 
to  glucose  and  allied  compounds  is  fully  stated  in  tbe  first  of  tbis   series  of  pap^r^ 
(*Chem.  Soc.  Trans.,'  1903.  vol.  8.3,  p.  1305)  and  in  a  paper  by  Dr.  Lowry  (Joe.  .  -:^ 
p.  311).     Tbe  conclusions  at   wbich  Dr.  Lowry  and   I   arrived  have  received  inde- 
pendent   confirmation   from   tiie   recently  publisbed   work  of   Behrend    and   R<*t'. 
('Ammlen,*  19CU.  vol.  S^l,  p.  ^^\V 
f  See  Part  I,  lo<\  ciL 
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In  proof  of  this  contention  the  following  facts  may  be  adduced : — 
It  is  to  be  remembered  that  each  hexose  can  give  rise  to  two 
stereoisomeric  hexosides  (e.(/.,  or  and  jS-methyl  glucoside),  which  differ 
only  in  the  fact  that  the  RO  group  and  an  atom  of  hydrogen  are 
attached  to  the  carbon  atom  in  different  relative  positions :  nevertheless, 
these  require  different  enzymes  to  effect  their  hydrolysis.  It  is 
obvious,  therefore,  that  but  a  slight  shifting  of  the  one  radicle  in  space 
is  sufficient  to  throw  the  enzyme  out  of  action. 

Yet  it  would  seem  that  the  enzyme  is  only  out  of  harmony  with  the 
glucoside  at  the  terminal  point,  inasmuch  as  the  action  of  emulsin  on 
milk  sugar  is  hindered  not  only  by  glucose  but  also,  although  to  a  less 
extent,  by  a-methyl  glucoside,  which  is  not  in  the  least  attacked  by 
emulsin,  whereas  the  corresponding  /^-glucoside  is  readily  hydrolysed. 

Time  in  10  grammes  milk  ragar     +  10  grammes 
hours.  per  100  o.c.  a-methyl  glucoside. 

3  11-2  8-3 

6  15-2  12-1 

25  32-7  24-5 

[Note  added  May  30,  1904. — Since  this  paper  was  presented  a  series 
of  observations  have  been  made  with  glucosides.  A  second  experiment 
with  the  a-glucoside  confirms  the  results  arrived  at  in  the  first. 

Time  in  10  grammes  milk  sugar  +  10  grammes 

hours.                     per  100  c.c.  a-methjl  glucoside. 

5                           7-9  5-7 

23                         23-3  16-9 

28                         27-1  19-0 

In  a  similar  manner,  a-methyl  galactoside,  which  is  itself  unaffected 
by  the  enzyme,  hinders  the  hydrolysis  of  milk  sugar  by  lactase  practi- 
cally to  the  same  extent  as  galactose  itself  does. 

Time  in  10  grammes  milk  sugar       -»-  10  grammes  +10  grammes 

hours.                    per  100  c.c.            a-methjl  galactoside.  galactose. 

2                          7-9                          5-3  4-8 

5                        14-9                          9-7  9-6 

26                        27-8                        20-2  200 

On  the  other  hand  a-methyl  glucoside  like  glucose  has  no  retarding 
influence  on  the  hydrolysis  of  milk  sugar  by  lactase. 

Lastly,  j8-methyl  glucoside  was  found  to  retard  the  action  on  maltose 
of  maltase,  which  easily  hydrolyses  the  a-glucoside  though  it  is  entirely 
without  action  on  the  jS-glucoside. 


houn. 
2 

10  gr^mmfffl  mnltoi e 
ppr  100  0,0. 

10-2 

4 

6 

U-4 
21  0 
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One  of  the  most  remarkable  conclusions  to  tw  derived  from  Fkcher^i 
reaeiircbes  is  that  glucose  and  galactose  are  the  only  bexosn  vliA 
afford  glucosidic  derivatives  attackable  by  sueroclasitic  ettxyfue^  :  act 
alteration  in  configuration  other  than  that  involved  in  the  pa^a^ 
from  the  one  of  these  heroses  into  the  other  or  any  shortenli^  or 
lengthening  of  the  chain  is  sufficient  to  confer  on  the  deriTrntiR 
complete  immunity  from  attack.  Thus  the  methyl  tnannodde^  fht 
methyl  ambinosidea  and  xylosides  and  the  methyl  glucohept06i(ie« 
cannot  be  hydrolysed  by  enzymes.  Inasmuch  as  hydroIy&iB  aSeect 
only  the  OR  radicle,  this  inhibition  of  hydrolysie  by  the  very  sli^leit 
change  in  configuration  mujBt  mean  that  the  enzyme  not  only  bec«»Da 
attached  hut  that  the  attachment  take<s  place  alQng  the  entire  ehaiii  <i 
the  hexosides  :  in  other  words,  enztfm^  and  hjdrolfffs  mn^  ht  » 
mittpli'h'  atnf'lafhn.  Probably  this  union  is  effect^  through  th* 
agenrv  ikf  tlit*  hvdnrxvl  i(r"'np^  and  it  iiiav-  l>e  of  bn?iic  trr«Hips  irt  tb^ 
enzyme — perhaps  their  uniun  takes  place  not  immediately  hut  throiurb 
the  intervention  of  water  molecules. 

The  only  case  in  which  there  is  evidence  of  partial  or  incompktt 
attachment  is  that  aftbrded  by  the  inhibiting  influence  of  :i-metbvl 
glucoside  on  the  hydrolysis  of  milk  sugar  by  emulsin  :  in  this  case 
it  would  seem  that  there  is  no  interruption  along  the  chain,  the 
correlation  of  hydrolyte  and  enzyme  being  incomplete  onlv  at  rb<: 
terminal  point.  This  argument  is  applicable  not  only  to  hydrolyte  Uii 
also  to  enzyme.  Inasmuch  as  glucose  inhibits  the  action  of  emulsin 
and  of  maltase,  it  is  to  be  supposed  that  the  general  configuration  oi 
these  enzymes  is  comparable  with  that  of  glucose  :  the  dep^irture  must 
be  of  such  a  character  that  the  terminal  element  of  the  enzvme  i? 
deflected  in  the  one  case  in  the  direction  which  brings  it  into  harmoEv 
with  the  5C-0R  radicle  whilst  in  the  other  it  coincides  in  its  spat 
orientation  with  the /5-OR  radicle.  It  may  l>e  anticipated  that  /3-nieih\\ 
glucoside  will  be  found  to  inhibit  the  action  of  maltase  on  maltose. 

[XohunhhJ  Mat!  30,  1904. — This  has  since  been  foiuid  to  be  the  c.iic. 
and  as  before  mentioned  whilst  a-methyl  galactoside  hinders  the  a<  ti-r. 
of  lactase,  a-methyl  glucoside  is  without  influence  on  this  enzvme.' 

K,rt»'nt  to  irJiirh  Coil fiif)inif ion  imui  h'  inodiji'd. — Galactose  ditiers  fro::. 
glucose  merely  in  having  the  radicles  attached  to  the  fourth  cari>  : 
atom  in  the  reversed  order  :  as  galactose  is  fermented  less  re<idilv  th.i: 
glucose  and  galaotosides  are  less  easily  hydrolysed  by  enzymes  thai 
are  the  corresponding  g\v\c:o?>\Ove^A\\^  vi^e\^\\v^^\\\  VL<^\NSvv.r^v:a.tion,  althoiu'b 
sufficient  to  hiudev  acUow,  0^oe«^  w^v  \^\vi\vi\\\.\v. 
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Writing  the  skeleton  formulse  of  the  two  compounds  side  by  side, 
it  would  seem  that  they  differ  but  sUghtly  in  configuration,  the 
alteration  being  one  which  only  concerns  the  ring  structure. 


RO 


H/S 


KG 


./• 


^0^ 
Glucoside. 


Qalactoside. 


Ha 


Assuming  that  the  attachment  of  the  enzjrme  is  in  some  way 
dependent  on  the  hydroxyl  groups,  assuming  also  that  the  enzjrme 
is  provided  with  points  of  attachment  which  bring  it  into  relation 
with  the  hydroxyl  groups  rather  than  with  the  oxygen  atom  in  the 
ring,  it  may  be  supposed  that  the  alteration  in  the  configuration  of 
the  ring  which  is  involved  in  the  passage  from  glucose  to  galactose — 
following  the  establishment  of  a  P-  instead  of  an  a-linkage  in  the 
ring — would  be  of  less  consequence  than  any  shifting  of  the  hydroxyl 
groups  relatively  to  the  ring  plane.  It  is  proposed  to  discuss  the 
question  of  the  relation  of  glucose  to  galactose  more  fully  in  a  separate 
communication  dealing  with  the  relative  stability  of  derivatives  of 
the  two  compoimds  in  presence  of  acids. 

It  remains  only  to  consider  why  fructose,  which  is  so  closely  related 
to  glucose,  should  have  no  inhibiting  influence  except  on  invertase. 
Inasmuch  as  this  enzyme  is  the  only  one  at  present  known  to  us 
which  can  effect  the  separation  of  fructose  from  higher  carbohydrates 
and  inasmuch  as  it  is  influenced  by  fructose  alone,  it  must  be  supposed 
that  the  structure  of  invertase  is  in  close  correlation  with  that  of 
fructose.  Assuming  that  fructose  is  also  a  y-oxide,  its  structure  is 
essentially  different  from  that  of  glucose,  as  will  be  seen  on  comparing 
their  formulse. 


/ 


BO 


/' 


QlacoBB. 


/ 


/  \ 
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If  ncceptance  can  he  accorded  to  the  arguments  put  forward  ii 
this  conitnunication,  some  progrc^ss  will  bave  been  made  tcwaj^ 
unravelling  the  very  complex  phenomena  presented  by  fermentadri 

changes- 
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1)  705U    iiydrolysis  of  sugars  by  acids  and  by  enzymes  contrasted.     Nature  of 
active  system  and  explanation  of  influence  of  concentration  and  of 

tern  |)e  rat  ure. 
1)  8010     Enzyme  action  contra^ited  witli  that  of  acids. 

Not  only  are  the  various  laoses  hydrolysed  at  very  different  rate^ 
by  enzymes  but  they  are  also  known  to  differ  in  their  behaviour 
towards  acids  :  cane  sugar  being  hych'olysed  with  the  gre<'ite5t  facility, 
whilst  maltose  is  acted  upon  Imt  slowly.  The  experiments  descri>»e<i 
in  this  communication  were  instituted  primarily  with  the  object  of 
asceruiining  the  ])ehaviour  of  milk  sugar,  of  which  nothing  was  known. 

The  hydrolysis  of  cane  sugar  under  the  influence  of  acid  wai> 
carefully  investigated  l)y  AVilhelmy  as  far  back  as  1850,  with  the  aid 
of  the  polariscope,  then  a  new  instrument.  It  was  shown  l>y  him  thai 
nversion  follows  the  logarithmic  law 

k  =      log 

which  at  a  later  date  l>ecame  regarded  as  the  general  law  of  ma-? 
action.  Subsequent  workers  have  studied  the  action  more  in  detail, 
but  the  object  of  seveial  of  the  latter  inquiries  has  been  rather  to 
determine  the  relative  activities  of  different  acids  and  to  studv  the 
application  of  the  ionic  hypothesis  in  such  a  case  of  hydrolysis. 

Maltose  h.is  been  shown  by  Sigmond*  to  exhil)it  the  same  general 
behaviour  as  cane  sugar  towards  acids,  whilst  affording  very  ditferenr 
constants. 

The  only  other  glucose  derivative  which  has  been  studied  is  Siiliciii."i" 

*   '  Zeit.  P\iys.  CWm.'  ^o\.^~  ,  \> •  *''>"^''^ • 

t  Noves  and  HviW,  ^  ZevV.  ^V-^--  eVvvcx.;  nc\  A^,>^.^^V.v 
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Since  the  above  was  written,  a  paper  has  appeared  by  Noyes  and 
others*  on  the  hydrolysis  of  maltose  and  dextrin  by  dilute  acids,  which 
in  the  main  confirms  Sigmond's  results.  The  hydrolysis  of  starch  by 
dilute  acids  under  pressure  at  temperatures  about  lOO"",  was  studied  in 
detail  by  Eolfe  and  Defren  in  1896.  t 

Although  the  behaviour  of  cane  sugar  in  any  particular  solution  is 
fairly  in  accordance  with  the  law  of  mass  action,  marked  departures 
from  the  law  are  observed  in  contrasting  the  effects  produced  by 
varying  the  concentration  whether  of  sugar  or  of  acid.  Not  only  does 
the  value  of  K  increase  as  the  concentration  of  the  hydrolyte  is 
increased  ;  it  also  increases  beyond  the  proportionate  value  when  the 
concentration  of  the  acid  is  increased. 

The  outcome  of  the  experiments  described  in  the  following  pages  is, 
briefly  stated,  as  follows  :  In  the  first  place,  it  is  shown  that,  within 
certain  limits,  milk  sugar  is  hydrolysed  in  accordance  with  the 
logarithmic  law ;  but  that  in  somewhat  concentrated  solutions  there ' 
is  a  marked  tendency  for  "  reversion  "  to  take  place,  so  that  the  course 
of  change  in  the  later  stages  of  hydrolysis  departs  from  this  law. 
The  rate  at  which  milk  sugar  undergoes  hydrolysis  compared  with 
that  at  which  cane  sugar  is  affected  is  shown  to  be  remarkably  slow : 
yet  the  effect  of  increasing  the  concentration  is  found  to  resemble 
that  produced  by  changes  of  concentration  in  the  case  of  cane  sugar 
and  maltose ;  moreover,  the  products  of  change  are  found  to  exercise 
an  influence  on  the  rate  of  change  comparable  with  that  exercised  by 
milk  sugar  itself.  Finally,  it  is  shown  that  an  increase  in  temperature 
has  even  more  influence  on  the  rate  of  change  of  milk  sugar  than  on 
that  of  cane  sugar. 

ExperimerUal  Method, — The  method  adopted  in  determining  the  rate 
of  change  was  practically  that  used  by  previous  workers ;  but,  as  milk 
sugar  is  hydrolysed  very  slowly  at  ordinary  temperatures,  the  experi- 
ments were  carried  out  at  60**  C.  On  account  of  the  small  change  in 
the  specific  rotatory  power  which  milk-sugar  solutions  exhibit  when 
hydrolysed,  it  was  necessary  to  work  with  strong  solutions — the 
solution  most  frequently  used  contained  18  per  cent,  of  sugar,  t.c, 
0*5  gramme  molecular  proportion  per  litre ;  this  was  hydrolysed  by  an 
equivalent  solution  of  chlorhydric  acid.  The  solutions  of  acid  and 
sugar,  heated  to  60"*  and  then  mixed,  and  the  mixture  maintained  at 
60*.  Portions  were  taken  out  at  stated  intervals  of  time  :  each  sample 
was  quickly  cooled  and  its  optical  rotatory  power  determined  in 
a  2  dcm.  tube.  As  the  heating  was  often  extended  over  several 
days,  it  was  necessary  to  cover  the  solution  in  the  flask  with  a  layer 
of  molten  paraffin.  In  order  to  make  sure  that  no  evaporation  had 
taken  place,   the  solution   was  titrated  with   alkali   at  the  end  of 

•  *  J.  Am.  Chem.  Soc./  1904,  vol.  26  \k.  %^, 
f  'J.Am.  Chem.  Soc.,  To\.\a,p.^^. 
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each  experiment.  In  order  to  determine  the  end  valuer  a  portka  d 
tbe  solution  was  liented  on  the  water  bath  during  2  liotiiv,  a 
which  iufficcd  to  e^6Ct  complete  hydrol^^sb  without  giving  rim  10 
markeil  secondary  change  euch  as  alwnys  oceur»  on  proIcHi|^ 
at  the  temperatures  at  which  the  rate  of  cliange  wii£  MmUccL  Vm 
ratio  between  the  rotatory  powder  at  complete  etange  and  %hc  imts^ 
value  was  found,  aa  the  mean  of  three  accordant  obserratMins,  it 
be  V28b. 

The  resulu  of  a  complete  series  of  observations  are  recorded  in  fll 
following  table.  It  is  to  be  noted  that  in  calculating:  the  coo££«t 
from  the  logarithmic  equation,  t  is  taken  in  minutes.  To  tnak^  ik 
results  comparable  with  those  af  other  workers,  the  veloctiv  cciu»tajii  £ 
is  expressed  in  terms  of  a  gramme  molecular  proportion  of  acid  pir 
litre  ;  this  merely  involve  the  mnJtipli cation  of  the  coustaat  dtihigri 
from  the  rejsults  approximately  by  two. 

Table  L^ — IS  per  cent.  (0  5  gramme  molecule)  Milk  Sugar,  O5O0T 
gramme  molecule  HO,     Temperature  60* -1,  - 


Tijitp  in 

ho 

ir*. 

ajs. 

0 

1!>  -55 

5 

20-22 

9 

20-62 

15 

21-27 

I'O 

21-83 

25 

22-17 

.SO 

22-47 

40 

23-23 

G2 

24-23 

M 

24-93 

134 

25-15 

1.^4 

25  •  28 

216 

25-56 

Coni|>k'te 

eh; 

iiitrc 

25-12 

liTtlrolystfd, 

0-0 
12-04 
19-2 
30-8 
40-9 
47-0 
52-4 
66-0 
840 
96-5 


lO* 


^^gu 


•71 

•78 
•  90 
•84 
•79 
■or> 


[2-14] 

[2-81J 


Me 


1  •83 


K  -  3-65. 

In  a  second  series  of  experiments,  the  value  deduced  from  the  r>: 
eight  successive  o1»<ei'vations — during  which  al)out  two-thirds  of  :hr 
sugar  had  undergone  change — was  K  =  3*42. 

In  the  interests  of  space,  as  the  fpiotation  of  long  series  of  \':\]'W- 
serves  no  useful  jnupose,  in  discussing  our  remaining  (d)servatioi;-  :: 
will  suflice,  as  a  rule,  to  give  the  mean  value  of  K  o]>taiiied  in  :hr 
mannei-  descrihed.  It  is,  of  course,  to  be  understood  that  K  > 
derived  from  not  less  than  six  accordant  readings  taken  at  re<:u-u: 
intervals  (Uu^iug  a  pL'V\od  vA  ?)^— \<^  \\c>\vv^. 

It  will   l>e    seen   vV.vV  vvUv^y   vvAnv^wv  \M  Vv>\\\^,  \nV^\\  Vx^\^x^>,^  ;^^  u  j; 
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ti  completed,  the  values  in  the  last  column  are  no  longer  constant  but 

r  increase;  after  134  hours,  the  value  of  olh  actually  rises  above  that 

:^  corresponding  to  complete  conversion  into  glucose  and  galactose.     This 

»  increase  was  presumably  to  be  ascribed  to  the  formation  of  compounds 

11  of  high  specific  rotatory  power  from  the  products  of  change :  to  test  the 

i  correctness  of    this    conclusion,    experiments  were   made    in  which 

;;  solutions  of  glucose  and  galactose  were  heated  at  60"  during  several 

hours  with  chlorhydric   acid  of  the   strength   used  in  the  previous 

f   experiments.     As  Tables  II  and  III  show,  in  each  case,  a  rise  in  ap 

was  observed  but  the  rotatory  power  did  not  become  constant  until 

;   after  about   250  hours,   equilibrium   being    only  slowly   established 

:   between  the  monosaccharide  and  its  reversion  products.    The  departure 

;    during  the  later  part  of  hydrolysis  from  the  logarithmic  law  may 

therefore  with  some  degree  of  probability  be  ascribed  to  some  form  of 

reversible  change.     It  may  be  pointed  out  that  Wohl*  has  observed 

a  similar   change   in   highly  concentrated   solutions  of  glucose  and 

fructose  when  these  are  heated  with  small  quantities  of  chlorhydric 

acid    on    the    water    bath;    and   that  Fischert   prepared   the   biose 

iflomaltose  by  the  action  of  cold  strong  chlorhydric  acid  on  glucose. 


Table  II. 

Table  m. 

27  per  cent.  Glucose. 

27  per 

cent.  Galactose. 

Succeasire 

Successire 

Time  in 

inoreaae 

Time  in 

increase 

hours. 

ao. 

per  hour. 

hours. 

an. 

per  hour. 

0 

28°-67 

— 

0 

42°-75 

— 

8 

28-85 

0-022 

8 

42-70 

— 

16 

29  03 

0-022 

16 

43-03 

0-041 

22 

29-13 

0-016 

22 

43-23 

0  033 

44 

29-40 

0012 

44 

43-50 

0-012 

96 

29-93 

0  010 

72 

43-90 

0-014 

166 

30-42 

0-007 

96 

44-07 

0-007 

200 

30-58 

0  005 

166 

44-28 

0-003 

Hydrolysis  of  Maltose. — Owing  to  the  great  variation  in  the  value  of 
K  produced  by  alterations  in  concentration  and  temperatiu'e,  it  was 
impossible  to  compare  our  results  for  milk  sugar  directly  with  those  of 
SigmondJ  for  maltose.  Accordingly,  the  value  of  K  was  determined 
for  maltose  under  the  conditions  observed  in  our  experiments  with 
milk  sugar. 


•  '  Ber.,'  1890,  vol.  23,  p.  2084. 
t  '  Ber/  1890,  vol.  23,  p.  a6BT. 
J  Lac.  cit. 
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Table  IV.— 18  per  cent.  (05  gratntne  molecule)  maltodt:^  Q'SOOT 
gramme  molecnk  HCL     Temperature  60*"1* 


Time  in  lionn. 

■0- 

0 

23--28 

8 

20  02 

16 

IT  92 

24 

1612 

50 

12-68 

73 

11-22 

96 

10-45 

144 

9-85 

168 

9-95 

216 

9-94 

Complete  change 

9-44 

0-0 

34%  7 
61-7 
77  $ 

92*7 


2  45 
2-23 

2  20 

2   15 

[2  06] 

[1  97] 


Menn     2-25 


K  =  440. 


It  will  Tjc  noted  thfit  the  valuer  in  the  last  colamn  begin  u>  fall  aim 

50  hours,  when  about  three-quarters  has  undergone  change.  As  the 
hydrolysis  of  maltose  is  carried  to  an  end,  the  value  of  a^  falls  t^  a 
minimum,  then  rises  slightly,  finally  remaining  steady  ;  the  theorericu 
minimum  rotation,  however,  is  never  attained.  This  is  easily  expliciiKc 
as  the  conse<[uenee  of  the  secondary  changes  brought  about  bv  ihr 
action  of  the  acid  on  the  glucose. 

The  following  table  shows  at  a  glance  the  vast  difference  in  the 
values  of  K  for  milk  sugar  and  maltose  as  compared  with  th.ii  f  •: 
cane  sugar.  This  last  value  has  been  calculated  with  the  aid  ■ : 
Arrhenius's  temperature  equation  from  the  47*6  value  at  25  given  ^  ;. 
Ostwald. 

Table  V. 
Sujar.  K  at  r>0 -1.  Ratio. 

Milk  sugar    3-53  I'O 

Maltn>e^ •4-49  1  -27 

Cane  sugar    4378*0  1240*0 

Although  it  is  not  yet  possible  to  explain  this  very  striking;  <iit^erei;.T- 
it   nuLst   ]»e   remembered  that    cane    sugar    has    a    peculiar    stru-.firr 
maltose  and  milk  sugar  are  closely  related  in  structure,  one-half  of  :hv 
mnbxule   still  showing  the  pi-operties  of  glucose:  but    cane  suj^ar  h  .-- 
none  of  the  j)i(>|iei ties  either  of  glucose  or  of  fructose. 

Injftunrr  ,,f  ( 'n/c-rnfnffi'fn  nf  Hwlruhitt^. — Whereas,  in  the  i.ase  -•: 
enzymes,  an  inriease  in  the  concentration  of  the  sugar  never  invre,»st^ 
the  rate  of  hy(\vo\ys\s,  \\\  \."\i^  cw^vi  «;>l  -^^x^^  vvw  \\\^\Q.'vV§e  in  the  oon/c::- 
tration  of  the  \\vdvo\yXe  vveUvA\N  \i"^?.\viw^  \Vvi  v^cv.^  c^V  ^V^\x^^^.    '^^., 
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is  known  to  be  true  both  of  cane  sugar  and  of  maltose.  Our 
experiments  show  that  it  is  equally  true  of  milk  sugar.  Using  a  half 
normal  (^  gramme  molecular)  solution  of  HCl,  we  have  found  that  K  has 
the  following  values : — 

Table  VI. 

Concentration  of  sugar.  E. 

9  per  cent 2*88 

18         „  3-53 

27         „  4-10 

From  these  figures  the  following  empirical  law  may  be  deduced 
connecting  K  with  j?,  the  concentration  in  grammes  per  100  c.c. : 

K  =  2-27(1+ 0-03  p). 

Arrhenius  has  calculated  a  similar  expression  from  Spohr's  results 
for  cane  sugar,  viz.,  K  =  1926  (1  +00131  p). 

It  would,  therefore,  appear  that  the  rate  at  which  hydrolysis  takes 
place  is  more  than  twice  as  much  influenced  by  changes  in  concentration 
in  the  case  of  milk  sugar  than  in  that  of  cane  sugar. 

Influence  of  the  Products  of  Change. — The  influence  of  the  products  of 
change  on  the  rate  of  hydrolysis  is  of  particular  interest  in  view  of  the 
results  obtained  with  enzymes.  In  the  case  of  acids  the  products 
accelerate  instead  of  retarding  the  change  but  they  exercise  no  selective 
influence ;  moreover,  about  the  same  effect  is  produced  by  the  addition 
of  equal  weights  of  glucose,  of  galactose  or  of  milk  sugar  or  even  of 
the  equivalent  quantity  of  a  neutral  salt. 

Table  VII. 

Amount  added  to  18  per  cent,  solution 

of  milk  sugar  (k  =  3-53).  K. 

9  0  grammes  milk  sugar     4*10 

9'0        „        glucose,  1st  expt 3*89 

9-0        „  „       2nd    „        4-06 

9-0         „        galactose  4*14 

3'7         „        potassium  chloride  3*79 

Hydrolysis  by  Sulphwic  Add. — Several  experiments  were  made,  with 
an  acid  equivalent  in  strength  to  the  chlorhydric  acid  used  in  the 
experiments  previously  referred  to. 


vot.  Lxxm.  "i*  ^ 
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Table  VII L — 18  per  cent.  (0'5  gramme  mo!eciile)   Milk  Sm^^ 
0'25  gramme  molecule  H^S04.    Temperature  60"'L 

Time  in  houfs.               op»  bFdrolT»^L  f    ^^••^^ ^* 

0  19'*37  oh  — 

6  19-73  6*5  0-81 

17  29*22  15-4  0-71 

42  ^1-50  38*5  0B4 

66  22  38  54-5  O'Sfi 

90  23*00  65*7  0  8« 

140  24*02  84*2  0-M 

Complete  change  24  89  — - — 

Mean     0-^ 

K  =  1  ea 

In  a  second  experhnent  a  value  K  -  1'70  was  obtained. 

The  value  for  K  thus  arrived  at  ia  much  smaller  tban  that  deiincai 
from  the  experm^ente  with  cblorhydric  aeid;  but  if  the  compariim 
be  made  for  acids  of  the  same  molei^ular  strength  the  results  are  oeariT 
identical,  since  2K  -  2x  \Q[i  ^  3-38. 

It  will  l»e  noticed  that  in  this  instance  there  is  little  or  no  evidence 
of  reversion. 

Infiuf'nri'  of  Ttmpf'raturr. — We  have  determined  the  rate  at  whi.h 
milk  sugar  undergoes  hydrolysis  at  different  temperatures  in  order  :- 
be  able  to  contnust  its  liehaviour  in  this  respect  with  that  of  uihe: 
sugars.  The  following  ta]>le  gives  the  values  of  K  at  three  tempera- 
tuies  olftained  on  hydrolysing  a  solution  containing  0'5  gramme- 
molecular  proportion  of  milk  sugar  by  means  of  a  0*5  granime-molecuk: 
proportion  chlorhydiic  acid. 

Tc'inperaturt.'.  K. 

60-1  3-53 

74-1  25-05 

99-0  (approx.)  334-2 

It   is    apparent    from  these    numbers    that    an    increase     of    a)x)u: 

14  per  cent,  in  the  value  of  K  takes  place  per  degree  and  that  the  rate 

of  hydrolysis  of  milk  sugar  is  even  more  influenced  by  temj>eratiire 

than  is  that  of  maltose.     The  difference  is  better  seen  on   comp^^rini: 

the  constants  calculated  for  each  sugar  from  Arrhenius's  temperature 

eqtiation. 

jSul'hf.  Acid.  q  2. 

Cane  sugar   HCl  12,820* 

Maltose  HCl  17,127t 

Milk  sugar HCl  19,105 

II2SO4  18,424 

\  ^\^\Xi<;i'a*\^  loc.  cvl. 
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It  will  be  seen  that  the  value  of  the  temperature  coDStant  for  milk 
sugar  is  nearly  half  as  great  again  as  that  for  cane  sugar. 
"  That  temperature  changes  have  a  similar  effect  on  the  hydrolysis  of 
milk  sugar  by  sulphuric  acid  is  shown  by  the  following  figures,  obtained 
by  hydrolysing  a  0*5  gramme-molecular  proportion  solution  of  the 
sugar  by  means  of  0*25  gramme-molecular  proportion  acid. 

Temperature.  K. 

60^1  3-36 

74'-l  22-5 

Lastly,  the  effect  of  adding  a  0*5  gramme-molecular  proportion  of 
potassium  chloride  at  the  two  temperatures  was  determined ;  it  will  be 
seen  that  this  salt  has  a  considerably  greater  accelerating  influence  at 
the  higher  temperature. 


Temperature. 

E  with  KCl. 

E  without  ECl. 

60°1 

3-79 

3-53 

74°  1 

290 

25  05 

It  is  to  be  noted  that  maltose  (K  =  4*49)  and  milk  sugar  (K  =  3-53) 
are  hydrolysed  at  similar  rates  at  GO"*!  ;  as  the  rate  of  hydrolysis  is 
affected  to  different  extents  by  a  rise  of  temperature  in  the  two  cases, 
there  will  be  a  temperature  at  which  the  two  should  be  hydrolysed  at 
the  same  rate ;  and  above  this  temperature  milk  sugar  should  be  hydro- 
lysed more  rapidly  than  maltose.  The  temperatiu*e  at  which  the  two 
sugars  should  behave  alike,  deduced  from  Arrhenius's  equation,  is  about 
77° ;  we  intend  comparing  the  hydrolysis  of  the  two  sugars  at  this 
temperature. 

Theory  of  Hydrolysis  by  Acids. — When  the  action  of  enzymes  on  the 
sugars  is  contrasted  with  that  of  acids,  the  enormous  difference  in  the 
rates  at  which  enzyme  and  acid  effect  hydrolysis  is  very  striking ;  thus, 
whereas  an  extract  of  lactase  prepared  as  described  on  pp.  503  to  504, 
to  which  sufficient  milk  sugar  has  been  added  to  give  a  5-per-cent.  solu- 
tion, will  hydrolyse  about  one-fourth  of  the  sugar  at  35"  in  about  an 
hour,  it  takes  twice  normal  hydrogen  chloride  at  the  same  temperature 
about  5  weeks  to  effect  the  same  amount  of  hydrolysis.* 

Nevertheless,  a  very  simple  explanation  of  the  action  of  acids  may 
be  given  if  the  problem  be  considered  from  a  point  of  view  similar  to 
that  applied  to  enzyme  action.  In  the  first  place,  it  may  be  assumed 
that  an  active  system  is  formed  by  the  combination  of  a  part  of  the 
sugar  with  a  part  of  the  acid  ;  and  as  the  water  molecules  in  the  solu- 

*  Although  no  information  is  at  present  forthcoming  admitting  of  a  definite 
conclusion,  it  cannot  be  doubted  that  the  amount  of  eniyme  made  ui^e  of  in 
hydroljsing  sugars,  regarded  as  a  molecular  proportion,  must  be  extraordinarilj 
small.  Anj  such  conclusion  as  this  makes  their  action  appear  all  thft  mAtA 
remarkable. 

^  ^  'L 
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tion  are  attracting  both  sugar  and  acid  moleeules,  that  there  If  so  to 
speak  competition  between  the  water  and  the  stigar  for  the  add  ;  tlitfi 
will,  therefore,  be  at  anj  given  temperature  an  eqyilihrtnnt  b«lirtco 
water,  sugar  and  acid,  depending  on  the  relative  proportiaas  of  thse 
three  constituents ;  a  change  in  any  one  of  them  will  tificessuily  di^ 
change  the  [Kidtion  of  the  equiJihnum  and  therefore  also  the  pfopoftm 
of  the  combination  of  acid  and  sugar  present. 

At  any  moment  during  hydrolysis,  the  sugar  is  not  susoeptible  (d 
change  a^  a  whole  :  only  the  active  sj^stetn,  formed  by  the  combinjUm 
of  acid  and  sugar,  including  some  limited  number  of  waiter  modfiedflii 
IB  concernedly 

In  the  experiments  hitherto  made  the  proportion  of  acid  molervilii 
present  has  always  l^een  large,  so  that  the  magnitude  of  the  actift 
system  pre^ient  cannot  have  been  negligible  compared  vriih  the  toiil 
amount  of  giigar :  in  such  eases  it  waa  not  to  be  expected  that  Ibe 
change  woidd  prove  to  be  a  linear  fimetion  of  the  time.  If,  howrrer, 
a  proportion  of  acid  be  usefl  in  some  degree  corresponding  to  the  pnk- 
portion  I  »f  enzvme  which  h  commonly  used,  it  is  to  be  expected  that  i 
linear  period  will  be  apparent. 

To  test  this  point  experiments  were  made  in  which  X  100  hvdr>'i:or. 
chloride  was  used  to  hydrolyse  a  gramme-molecular  proportion  of  >  art 
sugai'at  '20  :  in  every  case  distinct  indication  was  obtained  that,  at  Mrs:. 
ecjual  amounts  of  sugar  were  changed  in  successive  equal  intervals  c: 
time,  change  proi-eeding  according  to  the  logarithmic  law  <»nlv  duri*.: 
the  later  stages. 

It  does  not  aj»pe.;r  desira])le  to  put  forward  our  results  relatin^;  : 
this  (piestion  at  present,  as  we  are  not  satisfied  with  the  degree  o: 
refinement  we  have  reached  in  our  experiments:  to  determine  the  l.-^ 
for  very  small  proportions  of  acid,  it  will  be  necessary  to  make  ex...: 
observations  and  especially  to  regidate  the  temperature  with  excessive 
care,  as  slight  ditlerences  in  temperature  produce  relativelv  i::c  : 
changes. 

/>//'v7  of  Alt' iinq  tJir  AiiKvint  of  A<id. — It  is  well  known  in  the  ta.-c 
of  cane  sugar  that  an  increase  in  the  proportion  of  acid  iLse«i  to  en^ : 
hydrolysis  i>  followed  ]>y  a  more  than  proportionate  incre.ase  in  the 
rate  of  change.  The  etlect  of  an  increase  in  the  amotuit  oi  acid  raiis: 
olniously  ]»e  to  disturl>  the  ecjuilihrium  in  the  direction  of  increasing- 
the  magnitude  of  the  active  system  ;  it  may  be  supposed  that,  <x 
the  whole,  when  the  amount  of  acid  is  increased,  the  sugar  is  :b: 
greater  gainer  and  that  the  increase  in  the  active  system  is,  therefore, 
more  than  pro])(i! tionate  to  the  increase  in  the  amouiu  of  acid. 

Efh'f  of  A^^.'t'tnn  tJi*'  Aiitotint  of  J{i/drob/tr. — Any  consideral'le 
increase  in  the  amount  of  sugar  present  must  have  the  efleci  d 
diminishing  the  aiuaeuow  'i>^viv^W^\  \a\  \.W  water  upon  the  acid  ani 
consequently  mvist  \uevccV=^G  v\ve  ^v^V\V\v\  v>\  vV'^  *^^^\^^vcv';sxx'^>^, ^  ^^^^-t 
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with  acid — in  other  words,  it  must  materially  increase  the  magnitude 
of  the  active  system :  this  would  lead  to  an  increase  in  the  rate  of 
change. 

Any  substance  having  an  attraction  for  water  should  exercise  a 
similar  influence :  it  is  easy  to  understand  that,  in  the  case  of  milk 
sugar,  as  we  have  shown,  the  rate  of  change  is  as  much  accelerated  by 
either  glucose  or  galactose  as  it  is  by  milk  sugar  and  that  the  neutral 
salt,  potassium  chloride,  exercises  about  the  same  influence  as  one  of 
these  sugars  when  used  in  equivalent  amount.  It  is  well  known  that 
the  hydrolysis  of  cane  sugar  is  hastened  by  neutral  salts,*  but  it  has 
not  been  noticed  previously  that  the  products  of  change  exercise  an 
accelerating  influence. 

Influence  of  Temperature, — The  effbct  of  temperature  on  the  rate  at 
which  chemical  changes  generally  take  place  has  been  discussed  at 
length  by  Arrhenius.t  Frankly  recognising  that  the  rate  at  which 
change  increases  as  temperature  rises  is  too  great  to  be  ascribed  to  an 
increase  of  the  "  ionisation  "  or  to  a  diminution  of  the  viscosity  of  the 
solution,  Arrhenius  has  introduced  the  conception  of  an  active  part 
or  mass  but  without  in  any  way  defining  the  nature  of  this  mass.  In 
appljnng  this  conception  specially  to  the  hydrolysis  of  cane  sugar, 
he  assumes  that  the  formation  of  the  active  mass  involves  an  absorp- 
tion of  heat,  and,  further,  that  although  it  is  present  in  very  smaJl 
proportion  relatively  to  the  total  sugar,  the  proportion  increases 
rapidly  as  the  temperature  rises.  Adopting  the  ordinary  convention 
he  supposes  that  the  active  mass  undergoes  hydrolysis  at  the  expense 
of  the  hydrogen  ions  of  the  acid,  at  a  rate,  however,  that  is  almost 
independent  of  the  temperature.  Availing  himself  of  the  equation 
which  van't  Hoff  had  put  forward  to  express  the  alteration  of 
equilibrium  with  temperature  in  the  case  of  reversible  interactions,  he 
deduced  the  expression 

K<,  =   K,o.«2      T,To    , 

where  Ke,  and  Kt^  are  the  velocities  at  two  temperatures  and  q  is  the 
heat  absorbed  in  the  formation  of  the  active  mass — this  being  an 
expression  from  which  it  is  apparent  that  a  rise  in  temperature  should 
favour  the  formation  of  the  active  mass  and  vice  vei'sd.  Arrhenius 
applied  this  expression  to  a  large  number  of  simple  chemical  changes, 
especially  to  cases  of  hydrolysis,  for  which  the  rate  had  been  measured, 
and  showed  that  it  was  in  agreement  with  experimental  facts. 

The  idea  of  an  active  mass  was  extended  to  explain  the  influence  of 
salts:  it  was  arbitrarily  assumed  by  Arrhenius  that  these  increased 
the  proportion  of  the  active  mass,  notwithstanding  that  they  decreased 
the  niunber  of  hydrogen  ions. 

•  Spohr,  *  Zeit.  Phys.  Chem.,*  1888,  vol.  2,  p.  194. 
t  *  Zeit.  PhjB.  Chem.,*  1889,  toI.  4,  ^.  ^2.^. 
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III  A  lengthy  paper  published  10  years  later,*  in  wfaieh  the  resohi 
obtained  in  the  Tneimtime  by  other  workers  were  discussed,  he  made  ai 
important  addition  to  hia  theory  l>y  showing  that  the  increase  hi  E 
with  concentration  is  in  exact  correspondence  with  the  iiicreaae  at 
osmotic  pressure  of  the  solution.  He  vaguely  referred  to  the  itifiotiDce 
of  neutral  salts  ajs  being  of  the  same  order  as  that  exercised  byaa 
increase  in  the  concentration  of  the  hydrolyte. 

Exception  was  taken  by  Lippraann.t  in  1900,  to  the  explanation  pai 
forward  by  Arrheniua^  on  the  ground  that  it  was  impossible,  in  tlie 
case  of  sugar,  to  understand  how  any  change  oould  take  place  whtd 
would  render  one  part  more  active  than  another.  Lippmann  abo 
sharply  criticised  the  attempt  made  by  EulerJ  to  interpret  the  hydii> 
lysia  of  i^ugar  fiom  a  purely  ionic  standpoint.  Euler's^  answer  to 
these  criticisms  in  no  way  served  to  remove  the  difHculdes  raiged  Iff 
Lippmann,||  but  rather  the  contrary. 

There  can  be  no  doubt  that  in  dieeusstng  hydrolytie  ehani^ 
generally  the  conception  of  an  active  mass  cannot  be  dispenaed  witji ; 
it  romaiuss  only  to  give  precision  to  the  conception  by  defining  th^ 
precise  character  of  such  a  mass.  On  the  assumption  made  in  ihk 
and  the  two  preceding  papers,  the  active  uiass  ptt;stul;itei!  }>y  Arrhenr-i- 
is  neither  more  nor  less  than  the  system  composed  of  the  hvdrolvk. 
the  enzyme  or  acid  and  a  certain  limited  number  of  water  molecules 
Although  the  formation  of  such  a  system  is  probably  attende^i  w::l 
a  slight  evolution  of  heat,  its  immediate  bre^ikdowu  should  involve 
the  absorption  of  heat  and  this  change  should  be  reversible.  Ethent- 
cation  phenomena  generally  and  the  change  of  isodynamic  svsten:- 
into  one  another  all  satisfy  these  conditions.  There  can  be  little  dou'r 
that  the  lneakdown  of  complex  systems,  such  as  arc  here  eontempi.ite'i 
would  ]>e  most  materially  iuHuenced  by  changes  in  temperature,  arii 
that  the  late  of  change  wotild  advance  rapidly  as  temperature  rx-e. 
The  tendency  to  form  such  systems  would  obviously  diminish  some\vh..: 
as  tempeiature  rose. 

In  conclusion,  it  is  desirable  to  lay  emphasis  on  the  dit!erenir> 
noticeable  in  the  behaviour  of  enzymes  and  acids  respect ivelv  ..^ 
hydrolytie  agents  :  it  appears  not  improbable  that  this  ditierence  i-- 
due  mainly,  if  not  wholly,  (1)  to  the  superior  athnity  of  the  enzvme^ 
for  the  carl)ohydrates,  {'2)  to  the  very  ditierent  behaviour  of  the  tw 
classes  of  hydrolysts  towards  water — which  is  a  consequeuce  of  the 
colloid  nature  of  the  one  and  the  crystidloid  nature  of  the  other.  I' 
appears  possible  to  explain  such  ditferences  as  are  appiirent  in  the." 

*   '  Zi'it.  riivs.  Cliom..'  189**,  vol.  28,  p.  317. 
t  '  Her.;  vol.  33,  p.  3.360. 

X  '  In^r.,'  \o\.  '.V.^,  Y.  '^'L<S\L,  vvud  '  Zoit.  Phys.  Cbera.,'  vol.  36,  p.  641. 
§   '  BtT.;  voV.'SV,  \>.  V,>^^. 
•  Bor.;  vo\.SV,  v.'i"Vi. 
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behaviour  to  these  circumstances  alone.  If  osmotic  pressure  be 
regarded  as  the  outcome  of  some  reciprocal  interaction  between  solvent 
and  dissolved  substance  rather  than  as  a  mechanical  effect,  the  fact 
that  the  variation  in  osmotic  pressure  and  in  the  value  of  K  with 
concentration  follow  the  same  law  may  be  taken  as  evidence  that  the 
increase  in  K  with  concentration  when  a  sugar  is  hydrolysed  with 
the  aid  of  an  acid  is  the  consequence  of  a  diminution  in  the  influence 
exercised  by  the  water. 


♦[D  7050,  8020 ;  Q  1230,  M  3010.] 

"Enzyme  Action  as  bearing  on  the  Validity  of  the  Ionic- 
Dissociation  Hypothesis  and  on  the  Phenomena  of  Vital 
Change."  By  Henry  E.  Armstrong,  Ph.D.,  F.RS.  Received 
April  5,— Read  April  28,  1904. 

*D  8080    Formation  of  carbohydrates  in  protoplasm. 
O  1 4M)  r  ^l^oosamine,  significance  of,  in  enzjmes. 

On  several  occasions  of  late  years,  I  have  protested  against  the 
dogmatic  attitude  assumed  by  the  advocates  of  the  ionic-dissociation 
hypothesis  of  chemical  change  and  have  remarked  on  the  danger  of 
allowing  a  purely  mathematical  treatment  to  supersede  a  careful, 
unbiassed  consideration  of  the  facts  as  these  present  themselves  to  the 
chemist.  I  have  insisted  on  the  limited  application  of  the  hypothesis 
— especially  in  explanation  of  the  behaviour  of  the  large  majority  of 
organic  compoimds ;  and  have  contended  that  an  association  hypo- 
thesis is  preferable  and  of  far  wider  application :  yet,  in  so  doing, 
I  have  always  recognised  that  the  dissociation  hypothesis  is  often  sus- 
ceptible of  numerical  treatment  in  a  way  which  places  it  at  a  great 
advantage. 

Twenty  years  ago,  I  contended  that  the  solvent  played  as  important 
a  part  as  the  dissolved  substance  in  electrolytic  changes ;  then  and  for 
some  time  afterwards  the  dissociationists  regarded  the  solvent  as  a 
mere  screen.  Gradually  they  have  been  led  to  recognise  that  the 
solvent  plays  an  active  part  and  "ionising"  solvents  are  now  freely 
spoken  of  :  the  admission  has  been  made,  however,  tacitly  and  without 
recognition  of  the  fact  that  the  difference  of  opinion  is  now  reduced  to 
the  one  question — whether  ions  enjoy  separate  existence  in  solution : 
whether,  for  example,  in  a  solution  of  hydrogen  chloride,  free  hydrogen 

•  [Index  supplied  by  author,  classified  according  \o  \\\ft  %c\iA\xt\&  ^\  'OaR.Xvs^^-t.- 
national  Catalogue  of  Scientific  Literature.^ 
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and  chlorine  ions  ore  present  to  the  ext^it  of  70  odd  per  cent  I 
have  ventured  to  cb^meteriae  such  an  asamaptioa  mm  &o&  am 
tmn^essary  but  eminently  improlMiHe  :  the  contradictiiMis  mnohfi 
the  conception  being  e^ttraordinary — ^for  while  we  are  a^fced  to  Wl 
this  of  hydrogen  ehloride,  we  are  assured  that  a  Bub^taoce  of  sodi 
inferior  stahiHty  as  mercunc  chloride  exists  iit  solution 
"  unionised."  There  is  danger  that  under  the  guidatiee  off 
matieians  anxious  to  negotiate  numerical  agreeiueuts,  we  tnmjr 
senae  of  proportion  as  chcmiste ;  I  believi^  the  daii^r  to  In  ft  isf 
Beriouja  one,  against  which  it  is  necessary  to  make  some  protai.  ISt 
shall  fail  in  eecuring  the  object  we  aim  at  if  we  allo^^  the  iilfwf  4 
authority  to  intrude  in  any  way  into  our  work :  it  vrill  coiftc  to  ll 
scientific ;  it  wiU  be  impossible  to  claim  for  it  any  special  adncmtiiai 
value ;  an  attitude  of  doubt  rather  than  one  of  conscious  certuntj  h 
ei^ential  to  progreea^ 

Although  the  solvent  is  now  regarded  as  of  importance^  its  pocubr 
importance  and  functions  are  far  from  being  sufGciently  recognised  h 
is  necessary,  in  fact,  to  urge  that  the  nature  of  the  correlated  proceaaft 
uf  tilectiolv'si^  and  chemiciii  chitnge  need  to  be  cungidereti  m*-^t  ti^t 
fully,  from  ^s^arx  point  of  view,  espeeially  with  reference  to  the  fou^ 
til  ins  of  the  sol  vein  and  the  part  p  laved  Uy  itj^idual  afliniiv.  lLe?ix[> 
snch  as  have  l>een  ohtairied  by  Ilrerfton  Baker^pro\nng  that  iuir^ 
itetioTii^  occur  nidy  whuii  a  somewhat  complex  conduct  in  tr  cirt^m;  »? 
e<iablishod — must  he  fully  taken  into  ac-ount  :  the  ol»ervati<.n^  <:•:::.> 
chemist  on  the  formation  of  anunonium  chloride,  for  example,  arc  : 
the  utmost  consequence;  yet  the  advocates  of  the  iconic  hv|-o:hc^c- 
simply  disregard  all  such  evidence. 

In  my  paper  piesented  to  the  Society  in  188."),  I  contended  tha:  :hr 
special  influence  exercised  hy  water  is  to  he  attributed  to  the  resi'i:/. 
atlinity  possessed  by  the  oxygen  atom  of  the  water  nioleciile  ;  -r.> 
view  has  gradually  grown  in  popularity  of  late  yeais  in  c«iris<.<fue:  -. 
of  the  discovery  hy  Collie  and  Tickle,  von  Baeyer  and  i»tlier>  of  ,:<:-• 
pounds  in  which  oxygen  apparently  functions  as  a  tetrad.  There  b> 
naturally  been  a  tendency  to  extend  the  view  to  other  elements  anc.  :•- 
attribute  the  ''ionising''  power  of  li<|uid  ammonia,  hydrogen  cvaM"''.-:. 
etc.,  to  residual  atlirn'ty.  But  it  is  necessary  to  l»e  cautious  ::: 
accepting  the  conclusion  that  these  solvents  are  strictly  c<.^mT\'.r.» -'f 
with  water.  Water  is  j^erhaps  })eculiar  in  the  extent  to  which  it  oX:- 
ditions  the  electrolysis  of  substances  which  are  not  electr(dvte>  ,;  -v  -• 
In  at  least  a  lai'ge  prrtportion  of  the  cases  in  which  conducting  soIuti•■'.^ 
in  solvents  other  than  water  have  been  obtained,  sul>staiu.es  have  V-et: 
used  whirh  are  conductors  j"  r  »  in  the  liquid  (fused)  state  :  it  may  "-. 
therefore,  that  the  conductivity  of  such  solutions  is  Init  a  coiiseqUfn:-e 
of  the  preseuee  oi  tVve  \\c\v\\v\  >\\V^\v\\\v.^^.  -ixwd  k  largely  if  not  wholly 
independent  (>i  the  so\\e\\t,  x\\vi  ^vAaun^Xx  Vv^  vl^o\\vS^^s:^:\N\xx  ^  ^^^^^d 
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' '  the  solutions  being  perhaps  conditioned  by  the  slight  viscosity  of  the 
solvents.     On  the  other  hand,  it  is  highly  probable  that  in  many  cases 
'^;  in  which  slight  conductivity  has  been  observed  insufficient  care  has 
"^   been  taken  in  the  purification  of  the  materials  used. 
^^'       In  discussing  the  nature  of  chemical  change  in  my  Presidential  Address 
-'    to  the  Chemical  Society  in  1^95,*  I  specially  drew  attention  to  the  dilti- 
"^    culty  of  explaining  the  behaviour  of  enzymes — particularly  their  selective 
•^    action — as  hydrolytic  agents  by  the  ionic-dissociation  hypothesis :  the 
view  was  then  advocated  that  their  function  consists  in  bringing  watci- 
'^'''    into  conjimction  with  the  carbohydrate  by  combining  with  both.     The 
■    evidence   brought  forward  in   the   two  previous  papers t  on  enzyme 
'    action  appears  to  me  to  be  of  consequence  in  this  connection :  and  I 
venture  to  think  that  the  case  is  very  materially  strengthened  by  the  con- 
siderations advanced  by  E.  F.  Armstrong  and  R.  J.  Caldwell  in  discussing 
the  action  of  acids  on  the  sugars.!    The  selective  character  of  the  effect 
produced  by  enzymes,  which  has  now   been  demonstrated  in  several 
ways,  may  almost  bo  regarded  as  final  proof  that  action  is  determined 
by  association — not  by  dissociation.     And  if  in  such  a  case  we  are  led 
to   admit   that   change   is   the   immediate    consequence   of   efiective 
association,  there  can  })e  no  difficulty  in  regarding  chemical  changes 
generally  as  of  this  character. 

In  their  behaviour  towards  acids,  the  sugars  exhibit  peculiarities 
which  are  so  little  in  accordance  with  the  ionic-dissociation  hypothesis 
that  we  are  almost  compelled  to  admit  that  in  this  case  also  hydrolysis 
i»  dependent  on  association.  The  explanation  which  this  latter  view 
affords  of  the  great  influence  which  temperature  changes  have  on  the 
rate  of  change  is  in  itself  striking  evidence  in  its  favour — especially  as 
the  explanation  set  forth  in  their  paper  b}'  E.  F.  Armstrong  and 
R.  J.  Caldwell  is  applicable  to  chemical  changes  generally. 

In  advancing  proof  that  the  enzymes  are  built  of  dimensions  which 
enable  the  molecule  to  become  associated  cU  several  points  with  the 
carbohydrate  molecule,  E.  F.  Armstrong  has  carried  a  step  further  the 
argument  which  I  advanced  in  explanation  of  fermentation  proper  in 
1895.  X  The  statement  then  made  was  as  follows  : — "  Supposing  that  the 
protoplasmic  hydrolyst  were  to  condition  the  formation  of  a  conducting 
circuit  in  which  any  two  of  the  carbon  systems  (CHgOH,  CHOH  or 
COH)  of  the  glucose  molecule  and  water  molecules  were  included,  if 
the  total  hydrolytic  change  which  could  take  place  in  such  a  circuit 
were  exothermi?,  even  if  the  change  affecting  the  one  group  involved 
an  expenditure  of  energy,  water  could  be  electrolysed  and  its  hydrogen 
would  effect  the  withdrawal  of  OH  from  the  one  group  and  its 
displacement  by  hydrogen,  while  oxygen  would  be  added  to  the  other 

'»  '  Chem.  Soc.  IVans./  vol.  67,  p.  1122. 
t  Supra,  pp.  52Ct— 5^7. 

t  Z<>c.  c^.,  p.  1187. 
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group,  it  migbt  he  either  directly  or  in  cDnaeqiienee  of  tlie  difl|daee- 
meiit  of  H  hy  OH,  Tbt?  differ  en  t  effects  produced  by  dilfdmii 
organisms,  uii  this  hyp<:»thesi!*,  would  be  tbe  con&eqiieDoe  €f  ti* 
hydrolysis  allecting  diflTerent  syBt^m^.  As  tno«t,  if  not  all,  fertneniftye 
compoufids  arc  a^ymnietric  aud  the  ^nzyinea  jire  utidoubtedly  jIa 
aaymmotric  bodies,  the  (iirection  of  attack  would  d^petid  on  Ai 
character  of  the  asymmetry  of  l>oth  hyrb-olyte  and  bydrulyst ;  mai^ 
over  only  compatible  hydrolysts,  i,c,  those  compatible  with  the  bytlti^ 
lyt«,  would  condition  hydroly&is  t%.ml  fermentiitiou/* 

I   then   considtired    that  fermentative   changes^   wei^   '*  prestttiuUil^r 
functions  of  the  protoplasm.''     Buehiier^s  researoho^  however,  irooU 
seem  to  neees^it^ate  a  nou-vitalistie  interpret^ttion  i^f  the  pheciomea^ 
He  has  unquestionably  proved  that  fermentation   can  take  place  t» 
aome  extent  outside  the  living  c^U,  but  the  effect  observed  hMM  aXwm^ 
be^n  of  a  very  trandeut  character,  unlike  euzjme  action  in  general , 
this  is  the  more  remarkable,  a^  the  amount  of  energy  liberated  dtuni; 
femientation  is  by  n<%  means  ineonaideTiil>le:  and  also  be^^^^  *:  ^^  Pachn^r'* 
observiitions  would  lead  us  to  correlate  alcoholic  fermentation  more 
closely  than    we   have    hitherto   done  with   the  ordinary   sucroclastic 
action  of  enzymes.     A  system  such  is  pictured  of  enzyme   and  hexost 
might  well  break  down  into  the  ordinary  products  of  fermeiitiition,  ii 
energy  from  outside  were  in  some  way  initially  impressed    upon  the 
system,  as   might  well  liajjpen  if  it  were  a  part  of  the   j)rotuplasinic 
complex.      It  is  conceiva1>le  that   Huchner  may  have  dealt  with  system- 
intermediate  in  complexity  between  the  enzymes  proper  and   the  prot<:>- 
plasmic  complex  in  which  exothermic  change  is  still  in  progress:  but 
ephemeral  systems  only.     On  the  other  hand,  the  presence  of  proteo- 
clastic  enzymes  in  the  expressed  tiuid  may  be  a  cause  of   the  decay  of 
the  fermentative  activity.     IJut  I  venttire  to  think  the  Ciise  is  not  vei 
fully  jirovcd  in  Huchner's  favour;  and  however  willing  we  may  l>e  t<j 
regard  alcoholi«   and  lactic  fermentations  as  enzymic  changes,  such  an 
ex]jla nation   appears   to    1)C    altogether   inapplicable,   for    example,  to 
l>utyric    fei'mentation    or    to    fat    formation :    we    have    no    reason   a: 
present  to  suppose  that   the  various  kinds  of  fermentation  are  brouebi 
altout  in  essentially  dilferent  ways. 

In  discussing  the  changes  which  attend  fermentation,  1  jx>inted  out, 
in  1895,  that  "Such  changes  are  known  to  occur  entirely  within  thc 
cell  .ind  are  presuma})ly  functions  of  the  protoplasm  ;  in  other  woni^ 
they  pr«)bal)ly  occur  within  very  complex  molecular  systems  of  extrenio 
instal)ility,  perhaj)s  luider  the  influence  of,  in  contact  with,  the  verv 
same  hydrolyst  (enzyme)  which  is  so  active,  when  separated  from  iht 
cell,  in  promoting  the  hydrolysis  of  cane  sugar;  or  if  not,  of  subetancet 
of  a  similar  nature."  T\i\ft  fex\\Uuvaiou  has  gained  greatly  in  prol> 
^^ilfty  now  that  \t  \s  eslw."\A\s\i^^V vVaX  v\\v^  ^\\^ac>Ov%a\\^  ^\n.'l'^\s^^>, -^j:^  verv 
closely  relate<i  to  t\\e  a\co\Ao\\e  i^Tm^Y\\.>^. 
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If  invertase  were  present  as  a  branch  of  the  protoplasmic  complex, 
any  hexose  compatible  with  it  would  be  attracted  by  it ;  and  when 
once  in  association  with  the  complex,  the  sugar  molecule  might  undergo 
changes  such  as  are  contemplated  in  Baeyer's  explanation  of  fermenta- 
tion, the  energy  required  to  initiate  these  changes  being  derived  from 
exothermic  changes  proceeding  simultaneously  in  some  other  part  of 
the  complex. 

But  it  is  possible  to  extend  the  conceptions  which  we  owe  to  van't 
Hoff  and  Emil  Fischer  still  further.  My  son  and  I  agree  in  thinking 
that  the  assumption  that  enzyme  and  hydrolyte  become  associated  will 
make  it  possible  to  understand  a  variety  of  phenomena  which  have  not 
yet  received  any  satisfactory  explanation.  For  example,  when  con- 
densed under  laboratory  conditions,  formaldehyde  gives  rise  to  an 
inactive  mixture  of  d-  and  /-hexose ;  but  under  natural  conditions  only 
(i-fructose  and  fl?-glucose  are  produced.  If  condensation  took  place  in 
immediate  contact  with  a  compatible  enzym^y  it  is  conceivable  that  a  bias  would 
he  given  to  the  synthesis  sufficient  to  determine  change  wholly  in  the  one  of  the 
two  possible  directions. 

It  is  a  striking  fact  that  yeast,  which  so  readily  ferments  the 
hydroschists  of  cane  sugar,  contains  the  two  enzymes — invertase  and 
maltase — which  are  respectively  compatible  with  the  two  hydroschists. 
Assiuning  that  these  enzymes  are  present  as  branches  of  the  proto- 
plasmic complex,  it  is  easy  to  understand,  from  the  point  of  view  now 
set  forth,  why  yeast  should  be  able  to  ferment  both  fructose  and 
glucose  easily. 

On  the  other  hand,  the  existence  of  contiguous  maltase  and  invertase 
branches  in  the  protoplasmic  complex  might  determine  the  formation 
of  glucose  and  fructose  in  contiguity ;  and  these  might  then  unite — 
thus  giving  rise  to  cane  sugar.  This  conclusion  is  of  special  interest, 
bearing  in  mind  the  observations  of  Horace  Brown  and  Morris* 
that  cane  sugar  rather  than  maltose  is  a  primary  product  of  plant 
metabolism.  Both  invertase  and  maltase  are  known  to  be  present 
in  plants,  t 

The  formation  of  starch  may  be  looked  at  from  a  somewhat  similar 
point  of  view.  It  may  be  supposed  that  glucose  is  produced  initially 
as  an  open  chain  compound  and  that  the  formation  of  the  y-oxide 
ring  confers  stability  on  the  molecule ;  if  may  well  be  that  starch  is 
formed  by  condensation  of  a  number  of  such  merely  potential  glucose 

•  *  Chem.  800.  Trans./  1893,  vol.  63.  p.  604. 

t  I  am  still  inclined,  however,  to  favour  the  view  which  I  expressed  in  1890 
(*  Chem.  Soc.  Proc./  p.  56),  that  maltose  is  the  precursor  of  cane  sugar  in  the  plant : 
it  is  difficult  to  avoid  this  conclusion  in  view  of  the  fact  that  cane  sugar  is  formed  when 
barley  embryos  are  fed  on  maltose  but  not  when  they  are  fed  on  glucose,  although 
in  the  latter  case  the  plantlet  is  found  to  contsAU  vk^ctX.  %\\%w.— \]Sote  a^^^ 
Jfay  28,  1904,] 
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Pearson  (Karl)     Oa  A  Critcirion  Tvhioh   taay  ier?e  to  Ifeit  Tarion*   Tbeoriet  ol 

Inberitanee,  292, 
Perti  (D.  F,  M.)     St?«  Darwin  and  Perta. 

Phagocj-to6i»r  roh  i>f  blood  Quidn  iu  (Wright  and  Douglas),  13S. 
TMeEometer  for  so  lid  e  (Buehanao),  296. 
Porter  (T*  C.)     Some  EiperiioeotJi  in  Magnetism ,  5, 


Hadio-a^tiTO  hodie?,  iuoceeiiioo  of  e banger  in  (Rutherford)^  493. 

HaiJium,  action  on  tnicro'organi&m,i  (Gteen),  376  j  ^ —  production  of  helium  from 

(lUmtjay  and  Boddy),  346  ^ emanation^  spectrum  of  (Eaauaj  and  OoUie), 

470. 
RamB&y  (Sir  W,)  nnd   CoUte  (J.  N^)     The  ^Spe^trum  of  the  Radium   Kmsnotioti. 

470  i and    Soddy    (F,)     Further   EipiTimeiita   on   the    Produetion  ef         t 

Helium  from  Radium,  346.  [ 

Rftjleigh  (Lord)     On  the   Aeoaatte  Shadow  of  a  Sphere ^  65 ; On  the  Ooin- 

pre^flihilitieB  of  Oiygen,  HjdrogeQt  Nitrogen,  and  Carbonie  Oiide,  betwf^D 

One  Atmosphere  and  Half  an   Atmosphere  of  Fresiure,  and  on  the  Atomic 

WeigbU  of  tbe  Klement*  co  nee  rued,  153. 
JicsinititiCtj  i'on  a  traction  of  niereurj  standard  a  of  (Smith),  B39. 
Roaf  {H.  E.)     See  Moore  and  Rt-af, 
Bogers  (L.)     See  Brunton,  Fajrer,  and  Rogers. 
Rntherford  (E.)     The  Sueoesdon  of  Changea  in  Radio-actlFe  Bodies^  ^3. 

Salmon  (K.  S.)    Cultural  Eiperinienta  with  ^*  Biologic  Forma"  of  the  ErysipAae^^t 

116, 
f^awjer  (J.  E.  H.)     See  Comer  and  Sawyer. 
Scott  (D.  H.)     See  OliTer  and  Scott, 

Secreto-Tnotisr  effects  in  cat's  foot  studied  by  electrometer  (Waller),  92, 
Secretory  process,  chemical  regulation  of  (Bajliss  and  Starling),  310. 
Seligmann  (C.  G-.)     See  Shattock  and  Seligmann. 
Sex  of  mice,  observations  on  (Copeman  and  Parsons),  32. 
Sexual    characters,    secondary,    observations    on    acquirement    of;     relaticni   to 

Tasectomy  (Shattock  and  ^e\\%mwiT\^^  4A. 
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Shanks'B  tables  of  reciprocal  of  a  prime,  corrigenda  in  (Cuoningham),  359. 
Shattock  (S.  &.)  and  Seligmann  (G.  Q-.)      Obserraiions  upon  the  Acquirement  of 

Secondary   Sexual    Characters,    indicating    the    Formation   of  an   Internal 

Secretion  by  the  Testicle,  49. 
Shaw   (P.  £.)     The  Sparking  Distance  between  Electrically  Charged  Surfaces^ 

837. 
Silver  trial-plates,  constant-standard  (Matthey),  124. 
Sleeping  Sickness,  Ijmphatio  glande  in  (Greig  and  Gray),  455. 
Smith  (F.  £.)     On  the  Construction  of  some  Mercury  Standards  of  Besistance, 

with   a  Determination    of    the   Temperature   Co-efficient  of    Besistance  of 

Mercury,  239. 
Smith  (G.  Elliot)     The  Morphology  of  the  Retrocalcarine  Eegion  *  of  the  Cortex 

Cerebri.  69. 
Snake  bite,  method  of  preventing  death  from  (Brunton,  Fayrer,  and  Sogers),  323. 
Soddy  (F.)     See  Bamsay  and  Soddy. 

Solutions,  saturated,  experimental  determinations  for  (Berkeley),  435. 
Solvents,  conducting,  liquefied  hydrides  as  (Molntoah  and  Steele),  450 ;  (Archibald 

and  Mcintosh),  454. 
Sparking  distance  between  electrically  charged  surfaces  (Shaw),  337. 
Staehelin  (B.)     On  the  Part  played  by  Benzene  in  Poisoning  by  Coal  Gas,  78. 
Starling  (E.  H.)     Sec  Bayli»s  and  Starling. 
Stars,  Antarian,  relation  of  spectrum  to  that  of  titanium  (Fowler),  219;  

temperature  classification  of  (Lockyer),  227. 
Statolith  theory  of  geotropism,  notes  on  (Darwin  and  Pertz) ,  477. 
Steele  (B.  D.)     See  Mcintosh  and  Steele. 

Stress  and  strain  distribution  in  cross-section  of  beam  (Morrow),  13. 
Sucroclastic  enzymes  (Armstrong),  500,  516. 
Sun,  electric  equilibrium  of  (Arrhenius),  496. 
Sunnpot  variation  in  latitude,  1861 — 1902  (Lockyer),  142. 

Telegraphy,  wireless,  new  method  in  (Ewing  and  Walter),  120. 
Testicle,  formation  of  an  internal  secretion  by  (Shattock  and  Seligmann),  49. 
Thermoelectric  power,  changes  in.  produced  by  magnetisation  (Bidwell),  413. 
Thermometer,  gas,  compared  with  platinum  thermometers  and  thermo- junctions 

(Barker),  217. 
Thermometry,  electric  resistance,  at  temperature  of  boiling  hydrogen  (Dewar),. 

244. 
Tilden  (W.  A.)     The  Specific  Heats  of  MetaU  and  the  Belation  of  Specific  Heat 

to  Atomic  Weight.— Part  III,  226. 
Titanium,  fluted  spectrum  in  relation  to  spectra  of  Antarian  stars  (Fowler),  219. 
Torsional  oscillations  in  nickel  and  iron  wires,  effects  of  magnetisation,  and  of 

drawing  and  annealing  (Gray  and  Wood),  286. 
Torsional  rigidity  of  wires,  effects  of  temperature  changes  on  modulus  of  (Horton),. 

334. 

Vaccine,  chloroformed  calf  (Green),  842. 
Variability  of  offspring,  nature  of  (Pearson),  262. 

Walker  (Jas.)    Theory  of  Amphoteric  Electrolyte,  155. 

Waller  (A.  D.)      The  Seoreto-motor  Effects  in  the  Cat^s  Foot,  studied  by  the- 

Eleotrometer,  92. 
Walter  (L.H.;    See  Ewing  and  Walter. 
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WiLluniB  (W,  E,)     Bee  Brjra^ti  and  WiUi&ms. 

Wilaan  {M.  A.)     On  the  Eiectrie  Effect  of  rototing  m  Dt^elecfri^  so  i 

Field,  490. 
Wood  (Aleic.)     See  Q-rej  and  Wood, 
Wright  (A.  E.)  And  BougUft  (S.  E.)     FtutKef  obKiTBtiotM  an  ibe  ^M  «r  Ifa 

Blood  FLtiidi  iii  «oame<itl0ii  with  Phj^oortoiif ,  12S. 

Toung  (W.  H.)     Tb&  6«ixeral  Theory  of  Iiit«p«tJon,  443. 


END    OF    THB    SEVENTi'-THIRD    VOLUME. 


llARKIr^O-  AND  SoT^-,  PT^teT^  m  Otv\vw>^tn  ^o  \\\%"sV'3:^^%\i,%^->vV^tMv^^\,k^^ 


Minutes  for  Session  1903 — 1904. 


November  19,  1903. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  followed  by 
Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

Professor  R.  A.  Sampson  and  Professor  J.  S.  Townsend  were  admitted 
into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuanoe  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

Professor  W.  G.  Adams,  Lieutenant-Colonel  David  Bruce,  and 
Professor  S.  P.  Thompson,  were  elected  Auditors  of  the  Treasurer's 
accounts  on  the  part  of  the  Society. 

The  following  Papers,  received  during  the  Recess,  and  published  in 
full  or  in  abstract  in  accordance  with  the  Standing  Orders  of  Council, 
were  read  in  title : — 

"  On  the  Formation  of  Definite  Figures  by  the  Deposition  of  Dust." 
By  J.  AmcEN,  F.R.S. 

**Note  on  the  Disintegration  of  Rabid  Brain  Substance."  By 
J.  0.  Wakefjn  Barratt.  Communicated  by  Lord  Listet:, 
O.M.,  F.R.S. 

**  On  the  Spectrum  of  the  Spontaneous  Luminous  Radiation  of  Radium 
at  Ordinary  Temperatures."  By  Sir  William  Huggins,  K.C.B., 
O.M.,  Pres.  R.S.,  and  Lady  Huggins. 

"  On  the  Oxidising  Action  of  the  Rays  from  Radium  Bromide  as 
shown  by  the  Decomposition  of  Iodoform."  By  W.  Bi  Hardy, 
F.R.S.,  and  Miss  E.  G.  Willcock. 

*•  Experiments  on  Radio  Activity,  and  the  Production  of  Helium  from 
Radium."  By  Sir  W.  Ramsay,  K.C.B.,  F.R.S.,  and  Frederick 
SODDY,  M.A. 

"  Experimental  Researches  on  Vegetable  Assimilation  and  Respira- 
tion. III. — On  the  Effect  of  Temperature  on  Carbon  Dioxide 
Assimilation."  By  Miss  G.  L.  C.  M\TTaKE.\  C^\sssj^sNi^v^^vA\^^ 
F.  Darwjn,  F.R.S. 


**Thc   intra  Violet   Spectinim   of    Radiiira."      By  Sir    W*   CuciOj; 

**0n    the     Inteneely    Ponetmting    Bb^jb    of    Kadium*"       By 
E,  J.  Strutt.    Communicate  hy  Lord  Gayleigii,  PJtS, 

*'  An  Experimental  IiivestigHtioti  of  the  Eitk  of  the  Blood  Fluids  in 
Connection  with  Phagocytosis."  By  Dr.  A.  E,  Wright  and 
CnptHiu  Stewart  R  Buugi-as,  LM^,  Communicated  by  Sir 
John  Rurboh  Sakdkrson,  Bart.,  F.RS. 

'*The  Vapour  Pressures  of  Liquid  Oxygen  on  the  Scale  of  tlie 
Constiint- Volume  Oxygen  Thermometer  filled  at  Different  Initial 
Preasuree."  By  Dr.  M,  W,  Travers  and  Dr.  C.  J.  FoX- 
Commimicated  by  Sir  W.  Ramsay,  K.C.B.,  F,R.8- 

"On  the  Measurement  of  the  Pressure  Coefficient  of  Oxygen  ai 
Constant  Volume,  and  Different  Initial  Preesui-es.*'    By  Walter 

Makowfji,  R.Sc,  and  Henry  R.  Noble,  B.Se.    C<>mnninicated 
l»y  Sir  W.  Ramsay,  K.C.B.,  F.R.S. 

'•f)ii  the  Sensation  of  Light  produced  hy  Radium  Rays  and  it- 
Kelation  to  the  Visual  Purple."  P>y  W.  R  Hardy,  F.R.S..  hiw! 
Dr.  IL  K.  Andkhson. 

''  On  an  Approximate  Sulution  for  the  Bending  of  a  Be^m  of 
Rectangular  Cross-Section  under  any  System  of  Loiid — Additional 
Note."  By  L.  N.  G.  Fh/»n,  M.A.,  D.Sc.  Communicate<i  1»v 
Dr.  C.  Chkee,  F.R.S. 

•'  Fuither  Observations  on  the  Spectrum  of  the  Spontaneous  Luminou- 
Radiation  of  Radium  at  Ordinary  Temperatures."  Bv  Si: 
AVm.  HroGixs,  K.C.B.,  O.M.,  Pres'.  R.S.  and  Ladv  Hn;«;iNN 
Hon.  Mem.  R.A.S. 

"  The  Maximum  Order  of  an  Irreducible  Covariant  of  a  System  t'l 
Hinarv  F«>rms."  Bv  A.  Yoi  xi;,  M.A.  Communicated  ]>v  M.ij'  r 
P.  A.'MacMaikjx,  b.Sc,  F.R.S. 


The  following  Papers  were  read: — 

1.  ''On  The  IMiysiological  Action  and  Antidotes  of  Coliibrine  awI 
Viperinc  Snake  Venoms/'  IJy  Dr.  LkoxAKD  RociKH.s,  LM  >. 
Communicated  by  Dr.  A.  D.  AVallek,  F.R.S. 

n.  ''On  the  Rapidity  of  the  Nervous  Impidse  in  Tall  an«l  Shon 
Indivicluak.''  V>y  Y^v.  ^.  V^,  Xvicvi^Y..  Coiummiicated  bv 
Dr.  A.  D.  \VAU.m,V.Vv.^. 
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III.  "The  Secreto-motor  Effects  in  the  Cat's  Foot,  studied  by  the 

Electrometer."    By  Dr.  A.  D.  Waller,  RRS. 

IV.  "  On  the  Nematocysts  of  Solids."    By  G.  H.  Grosvenor,  B.A. 

Communicated  by  Professor  Weldon,  F.R.S. 

V.  **  The  Cell  Structure  of  the  Cyanophyceae— Preliminary  Paper."  By 
Harold  Wager.    Communicated  by  Dr.  D.  H.  Scott,  F.R.S. 


November  26,  1903. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  &c.,  President,  in  the  Chair. 
Professor  Johnson  Symington  was  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair,  and  the  list  of  the  Officers  and 
Council  for  the  ensuing  year  proposed  by  the  Council  for  election  was 
read  as  follows : — 

Pre,^uknl—Hiv  William  Huggins,  K.C.R,  O.M.,  D.C.L.,  LL.D. 

Treasurer, — Alfred  Bray  Kempe,  M.A. 

^      /    •  . /  Professor  Joseph  Larmor,  D.Sc,  D.C.L.,  LL.D. 

^^eaeiane^.     ^^.^  Archibald  Geikie,  D.C.L.,  Sc.D.,  LL.D. 

Foreign  ^Secretanj. — Francis  Darwin,  M.A.,  M.B. 

Oilier  Memhera  of  the  Council — George  Albert  Boulenger,   F.Z.S. 
Professor  John  Rose  Bradford,  M.D.,  D.Sc;   Professor  Hugh  Long 
bourne  Callendar,   LL.D.;    Professor  Harold    Baily    Dixon,   M.A. 
Frank  Watson  Dyson,  M.A. ;   Sir  Michael  Foster,  KC.B.,  D.C.L. 
Professor  Percy  Faraday  Frankland,  Ph.D. ;  Sir  Robert  Giffen,  K.C.B 
LL.D. ;    Professor  William  Dobinson   Halliburton,  M.D.,  F.R.C.P. 
Ernest  William  Hobson,  Sc.D.;  Professor  John  Wesley  Judd,  C.B., 
LL.D. ;  Professor  George  Downing  Liveing,  M.A. ;  Professor  Augustus 
Edward  Hough  Love,  M.A. ;  Adam  Sedgwick,  M.A.  ;  William  Naijier 
Shaw,  Sc.D. ;  and  Captain  Thomas  HviXVY>j  T\mYd.,^:Sv,^^:$>« 


IV 


The  following  Papers  were  read  : — 


1 


L  ^*  MathenuitiiMil  ContrihutioiM  to  the  Theory  of  Evolutioti.  XIL^ — 
On  a  Generalised  Tlieory  of  iytemative  Inheritatiee,  witJb 
Special    Keforeiice  to  Mead  el's  Laws.*'      By  P^fes«or  KablJ 


IL  '*  On  the  Distribution  af  Stress  and  Strain  in  the  Cro6&-«eatioD 
of  a  Beam."  By  J.  Mohrow,  GoiQiuimicated  by  Fmfe£$or 
H.  S.  Hele^haw,  F.R.S. 

111.  **  Some  ExparJnients  in  Magnetism/*     By  T,  C.  PoRTER     Com- 
muaknted  by  Lord  iUvLEKiH,  0,M,,  F.H.S. 


I 
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NtmmUr  30, 1903. 

Anniversary  Mketinc;. 

Sir  WILLIAM  HUGGIXS,  K.C.B.,O.M.,  .^c,  President,  in  the  Chair. 

Tlie  Report  uf  the  Auflitois  of  the  Treasurer's  accounts  wa^  rea'i. 
and  the  thanks  of  the  Society  were  given  to  the  Treasurer  and  to  the 
Auditors. 

The  List  of  Fellows  deceased  and  Fellows  elected  into  the  Society 
since  the  last  Anniversary  was  lead. 

The  Keport  to  the  Society  from  the  Council  upon  their  w<>rk  duiin,' 
the  past  year  was,  upon  the  motion  of  the  President,  received. 

The  President  delivered  his  Anniversaiy  Address,  and,  on  ihc 
motion  of  Sii-  John  Evans,  seconded  1»y  Sir  Henry  IJoscoe,  the  thank- 
of  the  Society  were  given  to  the  President  for  his  Address,  and  he  wa- 
reijuested  to  allow  it  to  he  printed. 

The  Awards  of  the  Medals  for  the  year  were  aiuiotuiced  as  loliu\\-. 
and  the  Medals  were  presented  from  the  Chair  : — 

The  Copley  Medal To  Prof.  Edward  Suess,  For.  Mem.  P.S. 

A  Royal  Medal  „    Sir  David  Gill,  K.C.B.,  F.R.S. 

A  Koyal  Medal  „    Dr.  Horace  T.  Brown,  F.R.S. 

The  Daw  Medal    ,    Prof.  Pierre  Ctirie  and  Madame  Curit 

The  Htighes  Medal     ...       „    Prof.  J.  W.  Hittorf. 

The  President  \va\\u^,  \\\V\\  lUii  consent  of  the  Society,  nominatcl 
Captain  K.  W.  CveaV  a\u\  VvvA^^>^Xi\  \.A\,^Vvv\\\\v^A'b.>v:x\N.v^v^v^  toaj5>i-t 
the   Secretaries  \n   cximuwuv^  vV^  \vAV>\;\w^^  \\^\.^  \<^\  ^'^i.  ^^va\m^  C^ 
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Council  and  Officers,  the  votes  of  the  Fellows  present  were  taken.  The 
Scrutators  reported  that  the  Council  and  Officers  nominated  at  the 
preceding  meeting  had  been  duly  elected,  and  their  names  were  accord- 
ingly announced  from  the  Chair. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

(The  full  Report  of  the  Anniversary  Meeting,  including  the  Report 
of  the  Coimcil  and  the  President's  Address,  will  be  published  in  the 
*  Year-book'  for  1904.  The  Account  of  the  Appropriation  of  the 
Grovernment  Grant  and  of  the  Tnist  Funds  will  also  be  found  in  the 
'  Year-book.') 
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December  3,  1903. 

Sir  WILLIAM  HUGCIINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  President  announced  that  he  had  appointed  as  Vice-Presidents 
for  the  ensuing  year — 

The  Treiisurer. 
Sir  Michael  Foster. 
Professor  Judd. 
Professor  Liveing. 

The  following  Papers  were  read : — 

I.  "  On  the  Fructification  of  Neuropteris  heterophylla,  Brongniart."    By 

R.  KiDSTON,  F.R.S. 

II.  "  Histological  Studies  on  Cerebral  Localisation."    By  Dr.  A.  W. 

Campbell.     Communicated  by  Professor  Sherrington,  F.R.S. 


December  10,  1903. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "  On  the  Integrals  of  the  Squares  of  Ellipsoidal  Surface  Harmonic 

Functions."    By  Professor  G.  H.  Darwin,  F.R.S. 

II.  "  Preliminary  Note  on  the  Resistance  to  Heat  of  B.  ufUhnicis"    By 

A.  Mallock,  F.R.S.,    and   Lieutenant-Colonel   A.    M.   Davies, 
R.A.M.C. 

III.  "A  Generalisation  of  the  Functions  ic»  and  r(n)."  By  Rev.  F.  H. 
Jackson,  RN.     Communicated  by  Professor  Larmor,  Sec.  R.S. 

IV.  "  On  the  Resemblances  Exhibited  between  the  Cells  of  Malignant 
Growths  in  Man  and  those  of  Noimal  Reproductive  Tissues."  By 
Professor  J.  Bretland  Farmer,  F.R.S.,  J.  E.  S.  Moore,  and 
C.  E.  Walker. 

The   Society   adjourned   over   the  Christmas   Recess  to  Thursday, 
January  21,  1904. 
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January  21,  1904. 

Mr.  A.  B.  KEMPE,  M.A.,  Treasurer  and  Vice-President,  in   the 
Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  the  names  of  Candidates  for  election 
into  the  Society  were  read  as  follows  : — 


Adami,  John  George. 
Allen,  Alfred  Henry. 
Anderson,  Tempest. 
Arnold,  Professor  John  Oliver.         i 
Bather,  Francis  Arthur. 
Biles,  Professor  John  Harvard. 
Blakesley,  Thomas  Holmes.  ! 

Bone,  William  Arthur.  | 

Brodie,  Thomas  Gregor. 
Brown,  Professor  Adrian  John. 
Budge,  Ernest  A.  Wallis. 
Burrard,  Major  Sidney  Gerald. 
Campbell,  John  Edward. 
Chattaway,  Frederick  Daniel. 
Chattock,  Arthur  Prince. 
Davison,  Charles. 
Dines,  William  Henry. 
Dixon,  Professor  Alfred  Cardew. 
Dixon,  Henry  H. 

Dobbie,  Professor  James  Johnstone. 
Durston,  Sir  Albert  John. 
Forster,  Martin  Onslow. 
Gamble,  Frederick  William. 
Garrod,  Archibald  Edward. 
Hadfield,  Robert  Abbott. 
Hamilton,  Professor  David  James. 
Harcourt,  Leveson  Francis  Vernon. 
Harmer,  Frederic  William. 
Holland,  Thomas  Henry. 
Hopkins,  Frederick  Gowland. 
Joly,  Professor  Charles  Jasper. 
^xikea-Bvownc,  AXivQiX  John. 


Knott,  Cargill  Gilston. 

Lamplugh,  George  William. 

Lees,  Charles  H. 

Lewis,  William  James. 

Macallum,  A.  B. 

MacArthur,  John  Stewart. 

MacBride,  Professor  Ernest 
William. 

Major,  Charles  L  Forsyth. 

Marsh,  Professor  Howard. 

Marsh,  James  Ernest. 

Marshall,  Hugh. 

Maunder,  Edward  Walter. 

Meyrick,  Edward. 

Mill,  Hugh  Robert. 

Mitchell,  Peter  Chalmers. 

Muirhead,  Alexander. 

Nuttall,  George  Henry  Falkner. 

Parsons,  Professor  Frederick 
Gymer. 

Pocock,  Reginald  Innes. 

Prain,  Major  David. 

Ridley,  Henry  Nicholas. 

Sclater,  William  Lutley. 

Searle,  George  F.  C. 

Shipley,  Arthur  Everett. 

Sidgreaves,  Rev.  Walter. 

Smith,  Professor  James  Lorrain. 

Strutt,  Robert  John. 

Tarleton,  Professor  Francis  Alex- 
ander. 
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Vernon,  Horace  Middleton. 
Wnger^  Harold. 
Wiilker,  Gilbert  Thomas, 
Wattis,  William  Whitehead, 


Whit  taker,  Edmund  Tiiylor. 
WiboD,  Profes^r  ErtififlL 
Wright^  .^Itnroth  EdwanL 
Youtigj  Pi^ofe^sor  Alfred  H. 


The  following  Papers  were  read  : — 

L  "Ou  the  Acoustic  Shadow  of  a  Sphere,*'  By  LoRii  RATLKi^i-fl, 
031,,  F*R,S,  With  an  Appendix  hv  Professor  A-  LuDr.i 
gii  ing  the  Valuer  of  Legendre'a  Functions  from  P„  to  P^  at 
Intervals  of  6  Degrees. 

H.  *^  The  Third  Elliptic  Integral  and  the  Ellipsolomic  Prolilem."    Br 
Professor  A,  G.  Greexeiix.  F.IiS. 

IIL  **  On  the  Structure  of  the  Piilfeozoic  Seed^  Lofff^nnimtm  Lmntm^ 
with  a  Statement  of  the  Evidence  upon  which  it  i^  referrid 
to  Ly^inoflemirmiJ*  By  Profesaor  F,  W.  OUVES  maA 
Dr.  dVh.  SroTT,  F.R.S,^ 

IV.  "The  Significance  of  the  Zoological  Distribution,  the  Nature  of 
the    Mitoses,    and    the    Transmissibility    of    Cancer."      Bv 
Dr.    E.   F.    Bashford    and    J.  A.    Mirkav,    M.B..    B.n 
Comnuuiicated  bv  Professor  J.  II.  BnAr>F()i:i>,  F.K.S. 


A  Special  General  Meeting  of  the  Society,  convened  l.y  notire  i--:;c-i 
l>y  (lirertinn  of  the  Council,  was  then  held,  foi"  the  di><  u>>.iMii  ..f  rVr 
follMwing  question  : — 

The  constitution  and  functitms  of  the  Sectional  Committee-,  aiul.  ii. 
particular,  whether  it  should  form  part  of  their  fun.  timi-  t- 
make  reconnuendations  to  the  Council  a>  to  the  deletion  ■  f 
Candidates  for  Fellowship  and  the  selection  of  Fo!c:«:. 
Members,  and  as  to  the  aw.iid  of  Medals. 


After  the  termination  of  the  discussion  the  Secretaries  rcpoited  to  tl 
meeting  the  action  which  the  Council  had  taken  with  a  view  lo  tl 
imi>rovcme!U  of  scientific  education  in  schools. 


IX 


Jamiary  28,  1904. 

Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  tiible,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "  0})servation8  on  the  Sex  of  Mice. — Preliminary  Paper."     By 
Dr.  S.  M.  CoPEMAN,  F.R.S.,  and  F.  G.  Parsons. 

II.  "  Observations  upon  the  Acquirement  of  Secondary  Sexual 
Characters  indicating  the  Formation  of  an  Internal  Secretion 
by  the  Testicle."  By  S.  G.  Shattock  and  C.  G.  Seligmann. 
Communicated  by  Professor  J.  Rose  Bradford,  F.R.S. 

III.  "On  the  Part  played  by  Benzene  in  Poisoning  by  Coal  Gas." 

By  Dr.  R.  Staehelin.     Communicated  by  Professor  Y..  H. 
Starling,  F.R.S. 

IV.  "  On     the    *  Islets    of    Langerhans '    in   the  Pancreas."      By 

H.  H.  Dale.     Communicated  by  Professor  E.  H.  Starlin(^», 
F.R.S. 

V.  "  The  Morphology  of  the  Retro-calcarine  Region  of  the  Cortex 
Cerebri."  By  Professor  G.  Elliot  Smith.  Communicated 
by  Professor  A.  Macalister,  F.R.S. 


Fehuiary  4,  1904. 

Sir  WILLIAM  HUGGIXS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "The  Reduction  Division  in  Ferns."     By  R.  Gregory.      Com- 
municated by  Professor  H.  Marshall  Ward,  F.R.S. 

II.  "  Cultural  Experiments  with  '  Biologic  Forms  '  of  the  Erysiplmreiv.'^ 
By  E.  S.  Salmon.  Communicated  by  Professor  H.  Marshall 
Ward,  F.R.S. 

III.  "On  the  Origin  of  Parasitism  in  Fungi."    By  George  Masske. 

Communicated  by  Sir   W.  T.  Thiselton-Dyer,  K.C.M.G., 
F.R.S. 

IV.  "  On  the  Effects  of  joining  the  Cervical  Sympathetic  Nerve  with 

the  Chorda  Tympani."     By.  Professor  »7.  N.  Langley,  F.R.S., 
and  Dr.  H.  K.  Anderson. 

V.  "  Conjugation  of  Resting  Nuclei  in  an  Epithelioma  of  the  Mouse." 
By  Dr.  E.  F.  Bashford  and  J.  A.  Murray.  Communicated 
by  Professor  J.  Rose  Bradford,  F.R.S. 


Fehnmry  11,  1904. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  followed  by 
Professor  G.  D.  LIVEING,  Vice-President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "  On  the  Compressibilities  of  Oxygen,  Hydrogen,  Nitrogen,  and 
Carbonic  Oxide  between  One  Atmosphere  and  Half  an 
Atmosphere  of  Pressure ;  and  on  the  Atomic  Weights  of 
the  Elements  concerned. — Preliminary  Notice."  By  Lord 
Rayleigh,  O.AL,  F.R.S. 


n,  "A  New  xMcthod  of  detwting  Kieetricid  ObcOIsIiomi.^  % 
Dr.  J,  A.  EwiKfi,  F.R,S„  and  L.  H,  Waltek. 

IIL  ''  On  the  High  Temperature  Standards  of  the  Nutkitial  P^|mJ 
Liitjoratory^ — ^An  Aecoimt  of  &  Comparison  of  PlattE!ti]& 
Tbermometers  Hiid  Tharmojanettons  witb  the  Gaft^ilierH^ 
meter.''  By  Dr.  J.  A,  Harkeb.  Communicated  hf  Dx. 
K.  T.  (jLAZEBaooK,  F.K.S. 

IV.  "ConitantStandiirdSiherTriHl-Pkte®,**     By  Edwarh  Mattbo 
Communicated  by  Sir  WliJJAIt  Ceuokej^  F.R.S. 

V>  "On  Certain  Properties  of  tlie  AUo^i  of  Silver  and  CadnLium/ 
By  Dr,  T,  KmKE  Ko^K.  Communieated  bv  C.  T.  HEircoc*. 
F.KS. 

VI,  "Sim^pot  Variatioti  in  Latitude,  1861^1902/*  By  Dr. 
W.  J.  S.  LocRYKR.  Commtuiicatod  by  Sir  J.  NoElUA 
LorKVKH,  K.C.B.,  FJiX 


Xll 


February  18,  1904. 

Sir  \VILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  thera. 

The  following  Papers  were  read : — 

I.  "  Further  Reseiirches  on  the  Temperature  Classification  of  Stars." 
By  Sir  J.  Norman  Lockyer,  K.C.B.,  F.R.S. 

11.  "  Theory  of  Amphoteric  Electrolytes."    By  Professor  J.  Walker, 
F.RS. 

TIL  "Note  on  the  Formation  of  Solids  at  Low  Temperatures, 
particularly  with  regard  to  Solid  Hydrogen."  By  Professor 
M.  W.  Travers.  Communicated  by  Sir  William  Ramsay, 
K.C.B.,  F.R.S. 

IV.  "Atmospherical  Radio-activity  in  High  Latitudes."  By 
G.  C.  Simpson.  Communicated  by  Professor  A.  Schisteii, 
F.R.S. 


Fehrvary  25,  190J. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  thera. 

The  following  Papers  were  read  : — 

I.  "  Electromotive  Phenomena  in  Mammalian  Non-Medullated 
Nerve."  By  l)r.  N.  H.  Alcock.  Communicated  hy  Dr. 
A.  I).  Waller,  F.R.S. 

II.  "Further  Observations  on  the  Role  of  the  Blood-Fluids  in 
connection  with  Phagocytosis."  By  Dr.  A.  ¥..  Wright  and 
Captain  S.  H.  DouGlJls.  Communicated  by  Sir  J.  Biudon 
Sanderson, -Bart.,  F.R.S. 

III.  "On    Mechanical    and    p]lectrical    Response    in    Plants."      By 

Professor   J.  C.  BosE.      Communicated   by   Professor  S.  H. 
Vines,  F.R.S. 

IV.  "On   the   Compressibility  of    Solids."      By   J.    Y.   Buchanan, 

F.R.S. 

V.  **A  Contribution  to  the  Study  of  the  Action  of  Indian  Cobra 
Poison."  By  R.  H.  Elliot,  Major,  I.M.S.  Communicated 
by  Sir  Thomas  Fraser,  F.R.S. 
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March  3,  1904. 

Sir  WILLIAM   HUGGINS,   K.C.B.,   O.M.,   President,  followed  by 
.    Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  the  names  of  the  Candidates  recom- 
mended for  election  into  the  Society  were  read,  as  follows : — 


Brodie,  Thomas  Gregor. 
Burrard,  Sidney  Gerald. 
Dixon,  Alfred  Cardew. 
Dobbie,  James  Johnstone. 
Holland,  Thomas  Henry. 
Joly,  Charles  Jasper. 
Marshall,  Hugh. 
Meyrick,  Edward. 

The  following  Papers  were  read : 


Muirhead,  Alexander. 
Nuttall,  George  Henry  F. 
Shipley,  Arthur  Everett. 
Travers,  Morris  William. 
Wager,  Harold. 
Walker,  Gilbert  Thomas. 
Watts,  William  Whitehead. 


I.  "  An  Inquiry  into  the  Nature  of  the  Relationship  between  Sun- 
spot  Frequency  and  Terrestrial  Magnetism."  By  Dr.  C.  Chree, 
F.R.S. 

II.  "  The  Optical  Properties  of  Vitreous  Silica."    By  J.  W.  Gifford 
and  W.  A.  Shenstone,  F.R.S. 

III.  "  A  Radial  Area-scale."     By  R.  W.  K.  Edwards.     Communicated 

by  Professor  Greenhill,  F.R.S. 

IV.  "The    Spectra   of    Antarian    Stars  in  Relation   to  the    Fluted 

Spectrum  of  Titanium."    By  A.  Fowler,  A.R.C.S.,  F.R.A.S. 
Communicated  by  Professor  Callendar,  F.R.S. 
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March  10,  1904, 


LIVEING,  Vice^President,  in  the  Ubair. 


A  List  of  the  Presents  received  was  laid  on  the  tallies  liBd  th^* 
ordered  for  them. 

The  following  Papers  were  read : — 

L  ''On   Electric  Ketistance  Themiometry  at  the  T«tDperititm  oi 
Boiling  Hydrogen."     By  Professor  J,  Det^'AR,  F.RS* 

11.  "  A  Study  of  the  Radio-activity  of  certain  Minerals  uDd  Mittirii 
Waters,"     By  Hon.  B,  J.  STErrr.     Communicated  hv  Usd 


in    *' Sonit'  Ub^s  of   CvHndrical   LeriB-Srsteni!!/ 


Bv  (4.  ,1.   BiH*Ti 
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April  28,  1904 

Sir  WILLIAM  HUGWJINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Royal  Medal  awarded  to  Sir  David  Gill,  in  1903,  was  handed 
to  the  recipient  by  the  President. 

The  following  Papers  were  read  : — 

I.  "Further  Experiments  on    the  Production  of    Helium  from 
Radium."    By  Sir  William  Ramsay,  K.C.B.,  r.R.S.,  and 

P.  SODDY. 

II.  "  The  EflTects  of  Changes  of  Temperature  on  the  Modulus  of 
Torsional  Rigidity  of  Metal  Wires."  By  Dr.  F.  Horton. 
Communicated  by  Professor  J.  J.  Thomson,  F.R.S. 

III.  "  The  Sparking  Distance  between  Electrically-charged  Surfaces. 

Preliminary  Note."  By  Dr.  P.  E.  Shaw.  Communicated 
by  Professor  J.  H.  Poynting,  F.R.S. 

IV.  "Studies  on    Enzyme    Action.      Part   IL— The  Rate  of  the 

Change  conditioned  by  Sucro-clastic  Enzymes,  and  its  Bear- 
ing on  the  Law  of  Mass  Action.  Part  III. — The  Influence 
of  the  Products  of  Change  on  the  Rate  of  Change  conditioned 
by  Sucro-clastic  Enzymes."  By  Dr.  E.  F.  Armstrong. 
Conununicated  by  Professor  H.  E.  Armstrong,  F.R.S. 

V.  "Studies  on  Enzyme  Action.  Part  IV. — The  Sucro-clastic 
Action  of  Acids  as  contrasted  with  that  of  Enzymes."  By 
Dr.  K  F.  Armstrong  and  R.  J.  Caldwell.  Communicated 
by  Professor  H.  E.  Armstrong,  F.R.S. 

VI.  "Enzyme  Action  as  bearing  on  the  Validity  of  the  Ionic- 
Dissociation  Hypothesis,  and  on  the  Phenomena  of  Vital 
Change."    By  Professor  H.  E.  Armstrong,  F.R.S. 

VII.  "  On  the  Changes  of  Thermo-electric  Power  produced  by  Mag- 
netisation, and  their  Relation  to  Magnetic  Strains."  By 
Dr.  S  BiDWELL,  F.R.S. 

VIII.  "The  Behaviour  of  the  Short-Period  Atmospheric  Pressure 
Variation  over  the  Earth's  Surface."  By  Sir  Norman 
LoCKYER,  K.C.B.,  F.RS.,  and  Dr.  W.  J.  S.  Lockyer. 
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Mmj  5,  1904 

Annual  Meeting  for  the  Election  of  Fellows. 

Sir  WILLIAM  HUGGINS,  iCCB.,  0,M.,  President,  in  tli©  Cliair. 

The  Statutes  relating  to  the  Klectiou  of  Fellows  having  been  read« 
Professor  IJversidge  and  Professor  Minehin  wercj  with  the  conaeiit  of 
the  Soeiety,  nominated  Berutatorsi  to  assiat  the  Secretaries  in  titt 
examination  of  the  balloting  lists. 

The  votes  of  the  Fellows  present  were  collected,  and  the  foDowtcg 
Candidates  were  declared  duly  elected  into  the  Society  :— 


Brodic,  Thomas  Gregor, 
Burrard,  Sidney  Gerald* 
Dixon »  Alfred  Cardew. 
I)obbie,  James  Johnstone. 
Holland,  Thomas  Henry. 
July,  Charles  Jasper. 
.Marshall,  Hugh. 
Meyrick,  Edward. 


Muirhead,  Alexander. 
Xultall,  George  Henry  P- 
Shipley,  Arthnr  Everetk 

Travers,  Morris  William. 
Wager,  Harold. 
Walker,  (Til])ert  Thomas. 
Watts,  \\'illiani  Whitehead. 


Thanks  were  given  to  the  Sinitators. 


M<nj  :,,  UMj4. 

Sir  WILLIAM   IlUiaUXS,  K.C.I),  O.M  ,  President,  in  the  Chair. 

A  List  of  the  rresents  reeeived  was   laid   on  the  table,  and  thanks 
(jrdered  for  them. 


The  following  papers  were  read  : — 

I.  "  Experiments  on  a  Method  of  Preventing  Death  from  Snake 
Bite,  capalile  of  Common  and  Easy  Practical  Application.' 
Py  Sir  Lauder  Biuntox,  F.R.S.,  Sir  Joseph  Favkek. 
Part.,  F.P.S.,  and  Dr.  L.  RooePxS. 

11.  ''A  Research  into  the  Heat  Kegidation  of  the  Bcxiy  by  an 
Liveslii:aUon  of  L^eath  Temperatures."  By  Dr.  E.  M. 
C<)UNT-:u,  aud  \>Y.  ^.  \-..  W.  ^-VXsx^Vv.  ^<cj^\\v\\\\\viatod  by 
Professov  3 .  ^ .  \.\n.v:.u?a  ,  \  \\.^. 
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III.  "  A  Note  on  the  Action  of  Sadium  on  Micro-organisms."     By 

Dr.  A.  B.  Orebn.    Communicated  by  Sir  Michael  Foster, 
K.C.B.,  F.RS. 

IV.  "  Further  Note  on  Some  Additional  Points  in  Connection  with 

Chloroformed  Calf  Vaccine."    By  Dr.  A.  B.  Green.     Com- 
municated by  Dr.  W.  H.  Power,  F.RS. 

V.  "  On  Certain  Physical  and  Chemical  Properties  of  Solutions  of 
Chloroform  in  Water,  Saline,  Serum,  and  Haemoglobin.  A 
Contribution  to  the  Chemistry  of  Anaesthesia. — Preliminary 
Communication."  By  Professor  B.  MoORE  and  Dr.  H.  E. 
RoAF.  Communicated  by  Professor  C.  S.  Sherrington, 
F.RS. 

VI.  "Note  on  the  Lymphatic  Glands  in  Sleeping  Sickness."  By 
Captain  E.  D.  W.  Greig,  I.M.S.,  and  Lieutenant  A.  C.  H. 
Gray,  RA.M.C.     Communicated  by  Colonel  Bruce,  F.RS. 

VII.  "Corrigenda  in  Mr.'W.  Shanks's  Tables  *0n  the  Number  of 
Figures  in  the  Reciprocal  of  a  Prime.'"  By  Lieutenant- 
Colonel  A.  Cunningham,  RE.  Communicated  by  the 
Secretaries. 
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May  19,  1904. 
Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

Professor  Ernest  Eutherford,  elected  1903,  was  admitted  into  the 
Society. 

Dr.  T.  6.  Brodie,  Professor  A.  C.  Dixon,  Professor  J.  J.  Dobbie, 
Mr.  A.  K  Shipley,  Professor  M.  W.  Travers,  and  Mr.  W.  W.  Watts 
were  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Bakerian  Lecture:  "The  Succession  of  Changes  in  Radio- 
active Bodies  "  was  delivered  by  Professor  Ernest  Rutherford, 
F.R.S. 

The  following  Papers  were  read  :— 

I.  "  The  Spectrum  of  the  Emanation  of  Radium."    By  Sir  William 
Ramsay,  K.C.B.,  F.R.S.,  and  Professor  Collie,  F.R.S. 

IL  "  Experimental  Determinations  for  Saturated  Solutions."  By  the 
Earl  of  Berkei.ey.  Communicated  by  F.  H.  Neville, 
F.R.S. 

III.  "On  the  Liquefied  Hydrides  of   Phosphorus,  Sulphur,  and  the 

Halogens,  as  Conducting  Solvents. — I^art  I."  By  D.  McIntosh 
and  B.  D.  Steele.  Communicated  by  Sir  William  Ramsay, 
K.C.B.,  F.KS. 

IV.  "  On  the  Liquefied  Hydrides  of  Phosphorus,  Sulphur,  and  the 

Halogens,  as  Conducting  Solvents. — Part  II."  By  E.  H. 
Archibald  and  D.  McIntosh.  Communicated  by  Sir 
William  Ramsay,  K.C.B.,  F.KS. 

V.  "  On  the  General  Theory  of  Integration."  By  Dr.  W.  H.  Young. 
Communicated  by  Dr.  Hobson,  F.R-S. 

The  Society  adjourned  over  the  Whitsimtide  Recess  to  Thursday. 
June  2. 
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June  2,  1904. 

Sir  WILLIAM  HUGGINS,  K.aB.,  03L,  President,  irttlie  Cimk. 

Mr.  Harold  Wager  and  Br,  G,  H.  F.  Nuttall  were  admitted  into  d» 

Society. 

A  List  of  the  Presents  received  ws^  laid  on  the  table,  and  thaub 
ordered  for  tbem. 


The  following  Papers  were  read : — 

L  **0n  the   Electric  Equilibrium  of    the   Sun,"      By 

SVANTE    Arhhe^il^s.       Communicated   hy    Sir    WuJtMM 
HuGGLvSp  Prea.  KS. 

IL  "  Coloiiri^  in  Metal  Glasses  and  m  Metallic  Films."  Br  X  C 
Maxwell  UAR^KTT,     Commuincatetl  Uy  Professor  L.4R_\!otL 

III,  '*Oti  h  Diruet  >k^lh<Ml  uf  .Mexsimiig  the  Coefiieieiit  of  V+lunii 

EListiiity  of  Mt'ial^."     By  A.  MALr.-tCK.  F.K.S. 

IV.  ''  A  MetliCKl  of    >rcasuring  Directly  High   Osmotic   Pressure-. 

\W  the  Kakl  of  Bekkklev  and  11.  G.  J.  Haktlkv.     (J^^ui- 
niunirate'l  hy  W.  C.  I).  Whetham,  F.IJ.S. 

V.  "  Tlie  Advancing  Front  of  the  Train  (►f  Waves  eniitte«I  hv  •. 
Theoretical  Hertzian  Oseillator."  By  Professor  A.  E.  H. 
LoVK,  FT^.S. 

\].   ''On  the  (ieneial  Circulation   of  the   Atmosphere  in  Miudle  a!i<i 
Higher  Latitudes/'     By  Dr.  W.  X.  Shaw,  F.K.S. 

VII.   ''On   the   Magnetic   Changes  of   Length    in    Ainiealed    L\hI>  .f 
Cohalt  and  Nickel."     By  L^r.  Shelfukd  Bidwell,  F.B.S. 

VIIL  "On  the  Electric  Effect  of  Kotating  a  Dielectric  in  a  Magnet; 
Field.'  By  Dr.  H.  A.  Wilsux.  Communicated  hy  IV.^ 
fessor  J.  .L  Thomson,  F.K.S. 
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June  9,  1904. 

Professor  J.  W.  JUDD,  C.B.,  Vice-President,  in  the  Chair. 

Mr.  Edward  Merrick,  Professor  Charles  J.  Joly,  and  Dr.   Hugh 
Marshall  were  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  ''  Notes  on  the  Statolith  Theory  of  Geotropism.  (I)  Experiments 
on  the  Effects  of  Centrifugal  Force.  (II)  The  Behaviour  of 
Tertiary  Roots."  By  F.  Darwin,  For.  Sec,  E.S.,  and  Miss 
D.  F.  M.  Pkrtz. 

II.  "  The  Fossil  Flora  of  the  Culm  Measures  of  North-West  Devon, 
and  the  Palseobotanical  Evidence  with  regard  to  the  Age  of 
the  Beds."  By  E.  A.  Newell  Arber.  Communicated  by 
Professor  T.  McKenny  Hughes,  F.E.S. 

III.  "  On  the  Structure  and  Affinities  of  Palseodiscus  and  Agelacrinus." 

By  W.  K.  Spencer.      Communicated  by  Professor  W.  J. 
SOLLAS,  F.RS. 

IV.  "On  the  Ossiferous  Cave- Deposits  of  Cyprus,  with  Descriptions 

of  the  Remains  of  Elephas  Cypriotes"    By  Miss  D.  M.  A.  Bate, 
Communicated  by  Dr.  H.  Woodward,  F.RS. 

V.  "On  the  Physical  Relation  of  Chloroform  to  Blood."  By 
Dr.  A.  D.  Waller,  F.RS. 

VI.  "Contributions  to  the  Study  of  the  Action  lOf  Sea-Snake 
Venoms."  By  Sir  Thomas  R  Eraser,  F.RS.,  and  Major 
R  H.  Elliot,  I.M.S. 

VII.  "On  the  Action  of  the  Venom  of  Bungarus  ccet-uleus  (the 
Common  Krait)."  By  Major  R  H.  Elliot,  I.M.S.,  W.  C. 
SiLLAR,  and  G.  S.  Carmichael.  Communicated  by  Sir 
Thomas  R  Eraser,  F.R.S. 

Vin.  "  On  the  Combining  Properties  of  Serum  Complements,  and  on 
Complementoids."  By  Professor  R  MuiR  and  C.  *H. 
Browning.  Communicated  by  Sir  J.  Burdon  Sanderson, 
Bart.,  F.RS. 


UlUCICU   lUl     Lliciii. 


The  following  Papei*s  were  read 

I.  "  The  Origin  and  Growth  o 
Ayrton.  Communicat 
F.RS. 

II.  "  On  the  Seismic  Effect  of  1 
Communicated  by  Prof  et 

in.  "  On  Flame  Spectra.**    By 
by  Professor  A.  ScHi'sn 

lY.  '*An  Experiment  illustrati 
Knapbian.    Gommunica 

V.  "A  Probable  Cause  of  the 
and  Aurorae."  By  Sir 
andDr.  W.J.  S.  LocKY 

VL  **  On  the  Relation  between 
By  Sir  Norman  Lockyi 

VIL  "  On  the  Action  of  Wood  o 
By  Dr.  W.  J.  Russell, 

Vni.  "The  Retardation  of  Con 
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XIL  "The  Decomposition  of  Ammonia  by  Heat."  By  Dr.  K  P. 
Perm  AN  and  G.  A.  S.  Atkinson.  Communicated  by  Sir 
WiLUAM  Ramsay,  K.C.B.,  F.RS. 

XIII.  "  On  the  Action  of  Hadium  Emanations  on  Diamond."     By  Sir 

William  Crookes,  F.R.S. 

XIV.  "The  Lethal  Concentration  of  Acids  and  Bases  in  respect  of 

Paramo&cmm  awelia,''    By  J.  O.  Wakbun  Barratt,  M.D. 
Communicated  by  Sir  Victor  Horslby,  F.B.S. 

XV.  "  A  Memoir  on  the  Theory  of  Order  as  defined  by  Boundaries.'' 
By  Edward  T.  Dixon.  Communicated  by  Major  MacMahon, 
E.A.,  F.RS. 

The  Society  adjourned  over   the  Long  Vacation    to    Thursday, 
November  17. 
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November  17, 1904. 

Sir  WILLIAM  HUQQINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

The  Kight  Hon.  Donald  Alexander  Smith,  Baron  Strathcona,  was 
admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary 
Meeting  was  given  from  the  Chair. 

Dr.  Shelford  Bidwell,  Professor  Carey  Foster,  and  Professor  A. 
Liversidge  were  elected  Auditors  of  the  Treasurer's  accounts  on  the 
part  of  the  Society. 

The  following  Papers,  received  during  the  Eecess  and  published,  or 
in  course  of  publication,  in  accordance  with  the  Standing  Orders  of 
Council,  were  read  in  title : — 

<*  Studies  on  Enzyme  Action  :  The  Effect  of  '  Poisons '  on  the  Rate  of 
Decomposition  of  Hydrogen  Peroxide  by  Hsemase."  By  Georqe 
Senter,  Ph.D.,  B.Sc.  Communicated  by  Professor  Starling, 
F.R.S. 

"  Hydrolysis  of  Cane  Sugar  by  d-  and  W3amphor-jS-Sulphonic  Acid." 
By  Robert  John  Caldwell,  B.Sc.  Communicated  by  Professor 
Armstrong,  F.R.S. 

"  Studies  on  Enzyme  Action.  V. — Hydrolysis  of  Isomeric  Qlucosides 
and  Galactosides  by  Acids  and  Enzymes."  By  Edward  Frank- 
land  Armstrong,  Ph.D.  Communicated  by  Professor  Armstrong, 
F.R.S. 

"  Studies  on  Enzyme  Action.  VI. — The  Sucroclastic  Action  of  Acids 
as  contrasted  with  that  of  Enzymes.  Part  II."  By  Edward 
Frankland  Armstrong,  Ph.D.,  and  Robert  John  Caldwell. 
Communicated  by  Professor  Armstrong,  F.R.S. 

"On  the  Production  of  a  Specific  Gastrotoxic  Serum. — Preliminary 
Communication."  By  Charles  Bolton,  M.D.,  B.Sc.  Communi- 
cated by  Professor  Sidney  Martin,  F.R.S. 

"  On  the  Action  exerted  upon  the  Staphylococcus  pyogenes  by  Human 
Blood  Fluids,  and  on  the  Elaboiatioii  ol  T^T^Xi^^XAN^^^^ajL^eso^ANss. 
the  Human  Organism  in  BespoBBe  to  IxvocvA-aXiVixv^  <A  ^"^xk^^^^^ 
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coc€tis  Vaccine."  By  A.  E,  Weight,  M,D.,  and  STEWAirr  R 
Douglas,  M.RC^S.^  Captain  I-M.S.  Comiuunieated  by  Sr 
BuBDOK  Sanderson,  Bart.,  F.R.S. 

**  On  the  Action  exerted  upon  the  Tubercle  Bacillus  by  Human  Bbod 
Fluids,  and  on  tbe  Elaboration  of  Protective  Elementi  in  die 
Human  Organism  in  Eeaponse  to  luocul&liona  of  m  Tubenk 
Vaccine,"  By  A.  E.  Wbight,  M,D.,  and  Stewart  B.  DorcLAa 
M.RC.S,,  Captain  LM.S.  Commuuicated  by  Sir  Burdok  SaxbO* 
SON,  Bart,  F.RS* 

"On  the  Density  of  Nitrous  Oxide,''  By  Lord  Rayl-EIGH,  OM^ 
FJLS. 

The  following  Papers  vf^m  read ; — 

I.  **  Air  Ecsistance  encountered  by  Projectiles  at  Velocitiet  up  to 
4,500  Feet  per  Second.''    By  A,  MalloCK,  F.Ra 

II.  '*  Theory  of  Amphoteric  Electrolytes.  Part  XI."  By  Professor 
James  Walker,  F.R.S. 

III.  ''Enhanced     Linus    of    Titanium,    Iron,    and    Chromium    in    tbi 

Fraunliofcrir  Spectrum."     By  Sir  NoRMAN  Lockyer,  K.C.B.. 
F.K.S.,  and  F.  E.  Baxaxdall. 

IV.  "On  the  Group  IV  Lines  of  Silieium."    Bv  Sir  Noumax  Lockyek. 

K.C.B.,  F.K.S.,  and  F.  E.  Baxaxdall. 

V.  "The  Ele<trical  Conductivity  and  other  Properties  of  S-.^iiuL. 
IIydrnxi(k'  in  Aqueous  Solution,  as  elucidating  the  Mechar.:5n. 
of  Conduction."  Piy  W.  K.  BorsElELD,  K.C..  M.P.,  ai: : 
Dr.  T.  .\L\KTix  LoWEY.  Comnuuiicated  by  Professor  H.  E 
Ai;mstkc»N(;,  F.L.S. 

VI.  "On  the  Wetting  of  Cotton  l>y  Water  and  hy  Water  Vapour.' 
Bv  Professor  b.  Okme  Massox,  F.K.S. 


Xur.mh.r  1>4,  1904. 

Major  .\LvcMAH0X,  K.A.,  in  the  Chair. 

A  List  ('f  the  Troents  received  was  hiid  on  the  table,  and  thark* 
ordered  for  ilieni. 

In  pur.-uaiK  e  ft  the  Statutes,  notice  of  the  ensuing  An ni vers,-.'} 
Meetini:  \va>  u'wcw  Vvo\\\  \.\\e  VlWw,  -oawI  iho  list  of  the  Othcers  a:  i 
Council  tor  i\ie  eu-\u\\'j.  yevw  Y^o\K>^vi\  \>\  v\\vi  vl^\\\\^-^  V-^x  ^^va^vvvvx  \v.- 
read  as  f<)U««\vs  •.  -  - 
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FreMerU.'^irWim&m  Huggins,  K.C.B.,  O.M.,  D.C.L.,  LL.D. 
Treasurer, — Alfred  Bray  Kempe,  M.A, 

Seerekmes /  Professor  Joseph  Larmor,  D.Sc,  D.C.L.,  LL.D. 

I  Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  LL.D. 

Foreign  Secretary, — Francis  Darwin,  M.A.,  M.B. 

Other  Members  of  the  Council. — Shelf  ord  Bid  well,  M.A. ;  George 
Albert  Boulenger,  F.Z.S. ;  Colonel  David  Brace,  RA.M.C. ;  Frank 
Watson  Dyson,  M.A. ;  Professor  Percy  Faraday  Frankland,  Ph.D. ; 
Professor  Francis  Gotch,  M.A. ;  Eraest  William  Hobson,  Sc.D. ;  Pro- 
fessor John  Newport  Langley,  M.A. ;  John  Edward  Marr,  M.A. ; 
Sir  William  Davidson  Niven,  KC.B. ;  Professor  William  Henry 
Perkin,  Junior,  Ph.D. ;  Professor  John  Perry,  D.Sc. ;  Adam  Sedgwick, 
M.A.;  William  Napier  Shaw,  Sc.D. ;  Professor  William  Augustus 
Tflden,  D.Sc. ;  Eear-Admiral  Sir  William  James  Lloyd  Wharton, 
K.C.B. 

The  following  Papers  were  read : — 

L  "  On  the  Eefractive  Indices  of  the  Elements."    By  C.  Cuthbert- 
80N.     Communicated  by  Professor  F.  T.  Trouton,  F.RS. 

n.  "  The  Flow  of  Water  through  Pipes.  Experiments  on  Stream-line 
Motion  and  the  Measurement  of  Critical  Velocity."  By 
Drs.  H.  T.  Barnes,  and  E.  G.  Coker.  Communicated  by 
Professor  Osborne  Reynolds,  F.RS. 

in.  "  On  Galvanic  Cells  produced  by  the  Action  of  Light.  Preliminary 
Communication."  By  Dr.  M.  Wilderman.  Communicated 
by  Dr.  L.  Mond,  F.RS. 

rV.  "  Some  Physical  Characters  of  the  Sodium  Borates,  with  a  New 
and  Bapid  Method  for  the  Determination  of  Melting  Points." 
By  C.  H.  Burgess  and  A.  Holt,  Junior.  Communicated  by 
Professor  H.  B.  Dixon,  F.RS. 

V.  "  On  the  Convergence  of  Infinite  Series  of  Analytic  Functions.'' 
By  H.  A.  Webb.  Communicated  by  Professor  A.  R.  Forsyth, 
F.RS. 
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November  30,  1904. 
Anniversary  Meeting. 

Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

The  Report  of  the  Auditors  of  the  Treasurer's  accounts  was  read,  and 
the  thanks  of  the  Society  were  given  to  the  Treasurer  and  to  the 
Auditors. 

The  List  of  Fellows  deceased  and  Fellows  elected  into  the  Society 
since  the  last  Anniversary  was  read 

The  Report  to  the  Society  from  the  Council  upon  the  work  during 
the  past  year  was,  upon  the  motion  of  the  President,  received. 

The  President  delivered  his  Anniversary  Address,  and,  on  the 
motion  of  Sir  Andrew  Noble,  seconded  by  Dr.  P.  L.  Sclater,  the  thanks 
of  the  Society  were  given  to  the  President  for  his  Address,  and  he  was 
requested  to  allow  it  to  be  printed. 

The  Awards  of  the  Medals  for  the  year  were  announced  as  follows, 
and  the  Medals  were  presented  from  the  Chair : — 

The  Copley  Medal To  Sir  William  Crookes,  F.R.S. 

The  Ruittford  Medal ...  „  Professor  Ernest  Rutherford,  F.R.S. 

A  Royal  Medal  „  Col.  David  Bruce,  R. A.M.C.,  F.RS. 

A  Royal  Medal  „  Professor  William  Bumside,  F.RS. 

The  Davy  Medal   „  Dr.  W.  H.  Perkin,  jun.,  F.RS. 

The  Darwin  Medal „  Mr.  William  Bateson,  F.RS. 

The  Hughes  Medal „  Sir  J.  Wilson  Swan,  F.RS. 

The  Sylvester  Medal...  „  Professor  Dr.  Georg  Cantor. 

The  President  having,  with  the  consent  of  the  Society,  nominated 
Sir  William  Ramsay  and  Dr.  W.  E.  Wilson  as  scrutators  to  assist  the 
Secretaries  in  examining  the  balloting  lists  for  the  election  of  Council 
and  Officers,  the  votes  of  the  Fellows  present  were  taken.  The 
Scrutators  reported  that  the  Council  and  Officers  nominated  at  the 
preceding  meeting  had  been  duly  elected,  and  their  names  were 
accordingly  announced  from  the  Chair. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

(The  full  Report  of  the  Anniversary  Meeting,  including  the  Report 
of  the  Council  and  the  President's  Address,  will  be  published  in  the 
*  Year-Book'  for  1904.  The  Account  of  the  Appropriation  of  the 
Government  Grant  and  of  the  Trust  Funds  will  also  be  found  in 
the  *  Year-Book.') 
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Dtmaiml,  1904 
Sir  WILLIAM  HUGGINS,  K^CB,,  O.M.,  I^eddont,  in  the  Chair. 

A  Liwt  of  th<3  Preamitii  rmeivtHl  was  laid  on  the  table,  ami  thanfo 
ordered  for  thenu 

The  President  announced  that  he  had  appointod  as  Vice-Pneaidents— 

The  TreasiiTBr* 
Prof,  J,  N.  Langley* 
Hir  W,  D.  Niven. 
Pn^f,  W.  A-  Tilden. 

The  following  Papers  wcsre  read  : — 

L  ^  The  Ascent  of  Water   in   Trees,"      By  Dr,  A.  J.  EWART. 
Communicated  by  Francis  Dahwix,  For,  Sec.  RS. 

IL  "f)rt  tb*i  Prfis^i^ntn  of  Tyrosinases  in  the  Skins  o£  some 
Pigmented  Vertebrates."  By  Miss  F.  M.  Durham.  Com- 
municated by  W.  Bateson,  F.R.S. 

in.  "  On  the  Structure  and  Affinities  of  Fossil  Plants  from  the 
}\ahiBozoic  Rocks — V.  On  a  New  Type  of  Sphenophyllaceoiis 
Cone  {Sphenophyllum  ferlih),  from  the  Lower  Coal. Measures." 
By  Dr.  D.  H.  Scott,  F.RS. 

IV.  "  On  Chemical  Combination  and  Toxic  Action  as  exemplified  in 
Hiemolytic  Sera."  By  Professor  RMuiR  and  C.H.BuowMN(i. 
Conmuniicated  by  Dr.  C.  J.  Martin,  F.R.S. 

V.  "  Histological  Studies  on  Cerebral  Localisation.  Part  II."  By 
Dr.  A.  W.  Cami'BELL.  Communicated  by  Professor 
SlIERRIXdTON,  F.R.S. 


December  8,  1904. 

Sir  WILLIAM  MUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

^^  "  Memoir  on  the  Theory  of  the  Partitions  of  Numbers.     Part  III." 
By  Major  P.  A.  Mxc^kuo^,^:^.^. 
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II.  "  Note  on  a  Means  of  Producing  a  High-Voltage  Continuous  or 
*  Pertinacious '  Current."    By  Sir  Oli\':er  Lodge,  F.E.S. 

III.  "  The  Effect  of  Liquid  Air  Temperatures  on  the  Mechanical  and 
other  Properties  of  Iron  and  its  Alloys."  By  Sir  James 
Dewar,  F.RS.,  and  R.  A.  Hadfield. 

rV.  "  The  R6le  of  Diffusion  during  Catalysis  by  Colloidal  Metals  and 
Similar  Substances."  By  Dr.  H.  J.  S.  Sand.  Communicated 
by  Professor  J.  H.  Poynting,  F.RS. 


December  15,  1904. 
Sir  WILLIAM  HUGGINS,  K.C.B.,  O.M.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "On    the    Ultra-Violet    Spectrum    of    Gadolinium."      By    Sir 
WiLiJAM  Crookes,  F.RS. 

XL  "  An  Analysis  of  the  Results  from  the  Falmouth  Magnetographs 
on  *  Quiet '  Days  during  the  Twelve  Years  1891—1902."  By 
Dr.  C.  Chree,  F.RS. 

in.  "The  Halogen  Hydrides  as  Conducting  Solvents.  Part  IIL 
Preliminary  Note."  By  B.  D.  Steele.  Communicated  by 
Sir  William  Ramsay,  K.C.B.,  F.R.S. 

IV.  "The  Halogen  Hydrides  as  Conducting  Solvents.  Part  IV. 
Preliminary  Note."  By  B.  D.  Steele,  D.  McIntosh,  and 
E.  H.  Archibald.  Communicated  by  Sir  William  Ramsay, 
K.C.B.,  F.RS. 

V.  "  Effects  of  Temperature  and  Pressure  on  the  Thermal  Conduc- 
tivities of  Solids.  Part  I.  The  Effect  of  Temperature  on  the 
Thermal  Conductivities  of  some  Electrical  Insulators."  By 
Dr.  C.  H.  Lees.  Communicated  bv  Professor  A.  Schuster, 
F.RS. 

VI.  "  The  Basic  Gamma  Function  and  the  Elliptic  Functions."  By 
Rev.  F.  H.  Jackson,  R.N.  Communicated  by  Professor 
A.  R.  Forsyth,  F.RS. 

VII.  "  On  the  Normal  Series  Satisfying  Linear  Differential  Equations." 
By  K  Cunningham.  Communicated  by  Dr.  H.  F.  Baker, 
F.RS. 

The  Society  adjourned  over  the  Christmas   recess  to  Thursday, 
January  19,  1906. 
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